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FOREWORD

Three related Environmental Impact Reports/Environmental Impact Statements (EIR/EIS’s) are
scheduled to be released to the public in 1990: The South Delta Water Management Program
(SDWMP), the NOrth Delta Water Management Program (NDWMP) and Los Banos Grandes (LBG)
Offstream Storage Reservoir. The SDWMP is the first phase of the California Department of Water
Resources (DWR) water banking program and is designed to resolve local south Delta water supply
problems. Before a final decision is made on this program, draft EIR/EIS’s on the other two programs
will be available for review. Concurrent with these DWR, the of Fish andpublic programs, Department
Game (DFG), and the U. S. Bureau of Reclamation (Reclamation) will continue to conduct public nego-
tiations with input from environmental interests and water users to determine a future agreement to
protect Delta estuary fish. The planning programs are designed to be compatible with, and offer, specific
mitigation measures to advance this agreement.

This draft EIR/EIS covers actions to be taken over the next several years under the SDWMP. The pro-
gram consists of several individual actions, most of them to be undertaken by DWR as a part of the State
Water Project. The program features involve the same Delta waterways used by Reclamation’s Central
Valley Project, and, thus, potentially could influence Reclamation operations and/or facilities. Further-
more, there are specific project objectives--namely, improvement of water levels, quality, and circula-
tion in the south Delta channels and fishery conditions--that correspond with Reclamation’s objectives
for the south Delta. Therefore, Reclamation has joined in the preparation of this general program docu-

and is involved in several of the described. A site of thement currentlY negotiations reporton specifics
federal portion of the program will be prepared to obtain Congressional authorization for construction
of appropriate project features. As necessary, that authorization report and final EIR/EIS will include
additional environmental analysis for any site specific National Environmental Policy Act compliance
requirements.

The South and North Delta Water Management programs are responding to the growing consensus that
"no action" in the Delta is unacceptable and that improvements are needed to correct existing problems.
Current operation adversely affects the water quality of drinking xvater, impacts fisheries, lowers project
reliability, and creates concerns with local water diverters, which led to a lawsuit in 1982. Improvements
proposed by these Delta Water Management Programs are designed to reduce or eliminate these prob-
lems and assist other ongoing efforts to provide flood control improvements for the Delta. Also, the
current system is not able to provide the operational flexibility to meet the "water banking" concept ap-

the in 1984. Many factors this banking an environmentallyprovedby Legislature support conceptas

workable method to meet California’s growing water needs.

Water banking is the concept of moving water into storage facilities south of the Delta during winter
high-flow conditions, when fishery impacts are less pronounced, and using this stored water during drier
periods to reduce diversions from the Delta. The improved hydraulics, with a federal permit to increase
diversions in the Delta, proposed by the SDWMP, would permit diversions of these flows when they are
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available. Storage facilities such as the Kern Water Bank (ground water storage) or the proposed LBG
would provide the storage capacity for this banking operation.

The EIR/EIS’s have been carefully organized into individual reports guided by comprehensive statewide
planning to improve the decision-making processes. The use of coordinated individual reports was se-
lected to provide added attention to program evaluations as well as flexibility in scheduling and program
implementation. At the same time, the interrelationships between each program and theft combined
effects are addressed in detail by statewide planning documents, cumulative impact evaluations, com-
prehensive system operation studies, and Delta estuary mitigation activities. Positive results have been
achieved with other Delta programs during the last 10 years using coordinated individual reports and a
step-~by-step approach.

The interrelationship of these reports has been considered in DWR’s latest update of the California
Water Plan-- Bulletin 160-87, California Water: Looldng to the Future (November 1987). Also, as part of
the engineering and environmental assessment for each program, the cumulative impacts and project
operations of combin’ing projects were evaluated. This information will be available to negotiators that
are developing an agreement to provide for Delta fishery protection, which, in turn, will become an inte-
gral part of the complete Delta program.

David N. Kennedy, Director ,Lawrence F. Hancock, Regional Director
Department of Water Resources Mid-Pacific Region
State of California U.S. Bureau of Reclamation
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EXECUTIVE SUMMARY

The California Department of Water Resources (DWR) Congressional authorization for construction of appropri-
and the U.S. Bureau of Reclamation (Reclamation) pro-ate project features. As necessary, that authorization re-
pose to implement the South Delta Water Managementport and final EIR/EIS will include additional environ-
Program (SDWMP). This program is one of three water mental analysis for any site specific National

conducted address issues Environmental Policy Act compliance requirements.managementprogramsbeing to

surrounding the Sacramento-San Joaquin Delta and is
the first step in a future water banking program. The The Delta is an important resource with a complex and

South Delta Water Management Study Area is shown in sensitive environment. DWR, Reclamation, and the De-

Figure 1. This draft report incorporates comments from partment of Fish and Game (DFG) have formed a nego-

earlier public scoping meeting. Additional commentsflaring group with a broad range of expertise to provide

from the review of this draft will be included in the final protective measures for the Bay-Delta estuary. DWR and

environmental document. Reclamation are committed to provide staff resources and
participation to develop a mutually acceptable agree-

The environmental documentation process provides in-ment. The SDWMP will utilize and contribute to these
formation for the public, government agencies, and deci-negotiations to develop mitigation measures. Other
sion makers about the potential significant environmentalportant contributions will come from the North Delta Wa-
effects of implementing the SDWME In addition, this en- ter Management Program (NDWMP), including elimina-

documentation will alternatives and tion or reduction of reverse Delta flow patterns caused byvironmental identify
possible ways to reduce or prevent environmental im-the project.
pacts. The information will be used to obtain federal reg-
ulatory permits that govern projects in the Delta estuary.This protection, together with other commitments dis-

cussed under "Mitigation Measures," was designed to re-

An integral part of this process is continuous communica-duce adverse impacts. To provide further protection for

tion and cooperation with the public, governmental agen-the Delta, DWR and Reclamation will take other steps:

cies, and environmental groups to improve the decision-̄ Negotiate with South Delta Water Agency (SDWA).
making process for both the preferred alternative and to protect local agricultural water diversions and pro-
adopted mitigation measures. Included in this process are vide for interim New Melones releases.
1) public comments, 2) public scoping meetings, 3) wide
distribution of planning reports, 4) organization of special̄ Integrate mitigation measures that consider ira-

meetings with environmental groups and interested enti- proved flow patterns and project operationaI flexibil-

ties, and 5) development of and commitment to imple- ity into the preferred alternative.

mentation and monitoring of a mitigation plan. ¯ Fund and initiate a program to promote long-term re-
leases from New Melones Reservoir to protect fish

This draft EIR/EIS covers actions to be taken over the and water quality.
next several years under the SDWME The program con-¯ Continue commitment to water conservation and
sists of several individual actions, most of them to be un- reclamation programs.
dertaken by DWR as a part of the State Water Project.
The program features involve the same Delta waterways¯ Develop Delta wetlands.

used by Reclamation’s Central Valley Project, and, thus, South Delta Background
potentially could influence Reclamation operations and/
or facilities. Furthermore, there are specific project ob-The South Delta area generally comprises the lands and
jectives--namely, improvement of water levels, quality,channels of the Sacramento-San Joaquin Delta south-
and circulation in the south Delta channels and fisherywest of Stockton. Included in the study area is the SDWA,
conditions--that correspond with Reclamation’s objec-as defined in the Formation Act, California Statutes of
tives for the south Delta. Therefore, Reclamation has 1973. Important features of the State Water Project
joined in the preparation of this general program docu-(SWP) and Central Valley Project (CVP) are also located

and is involved in several of the in the The is faced withment currently negoti- studyarea. area complexissues,
ations described below. A report on site specifics of theincluding water rights, water supplies, water quality, and
federal portion of the program will be prepared to obtainthe environment.

xix
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1
The area within SDWA boundaries includes some 150,000In past years, SDWA at times reported low water levels in 1
acres, of which 120,000 acres are used for irrigated agricul-local channels. Accordingly, DWR installed stage record-
ture. The remainder consists of waterways, berms, chan-ers, dredged the shallow spots, and modified Clifton¯
nel islands, levees, and lands devoted to homes and indus-Court gate operations to help alleviate the impact of SWP
tries. About 450,000 acre-feet (AF) of water is diverted diversions on water levels. During a hot period in July
from the 75 miles of south Delta channels each year to Jr-1985, when farmers claimed they were losing crops due to 1
rigate the fully developed and highly productive agricul-low water supplies, DWR installed three pumps to pro-
tural land. vide additional water in Tom Paine Slough.

In addition, DWR and Reclamation have begun interim I
In July 1982, SDWA filed a lawsuit concerning the effects actions to improve SDWA water conditions with positive
of SWP and CVP operations on the south Delta. The suitresults. DWR has modified operations at Clifton Court
sought a declaration of the rights of the parties, a prelimi-Forebay (Figure 2), constructed siphons and dredged in¯
nary injunction, and a permanent injunction requiringTom Paine Slough, and constructed a weir in Middle River
that the projects be operated to protect t,he south Delta.to mitigate the water level problems. Immediately after

!

the State Water Project, is located about 1
10 miles northwest of Tmcy. The current
surface area of the forebay is 2,180

CLtFroN COU/~T acres; storage capacity is 31,260 acre- 1~o~a~ v feet The proposed South Delta Water |Management Program would enlarge
the forebay to at least 5,000 surface
acres. 1SKINNI[R IMTAKEFISH FACILITY

Together with the Skinner Fish Protec-
tive Facility and a connecting intake 1
channel, Harvey O. Banks Delta Pump- I

ing Plant diverts water from the south
"~"" Delta through Cleon Court Forebay for 1

conveyance via the California Aqueduct
and South Bay Aqueduct to contracting
agencies in the south San Francisco Bay         l
area, the San Joaquin Valley, and South- Iern Cal~forni~

~ Thepurposeoftheforebayistoallowop- |
erational flexibility for pumping at the

..... Banks Pumping Plant This flexibility is I
.......... a key element of a future water banking

program.

!
Figure 2. Clifton Court Forebay

1
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the weir became operational~ local farmers reported that supplies and through improved water quality, which
water levels had improved, will reduce the cost of treating drinking water sup-

In 1984, the Legislature authorized Los Banos Grandes
plies;

Reservoir as part of the State Water Resources Develop-¯ provide the opportunity to interconnect with Clifton

ment System. The purposes of the project are to develop Court Forebay and improve water quality for Contra

additional water supplies, improve water quality, and pro- Costa Canal deliveries to be treated for use as drink-

vide additional flexibility for SWR This additional flexibil- hag water supplies;

ity could help protect and enhance fish and wildlife. ¯ improve navigation and flood protection; and

In DWR Bulletin Water: to the ¯ ha.crease recreational opportunities.160-87,California Looking
Future" (November 1987), DWR evaluated statewide wa- Program Alternatives
ter conditions. In the bulletin, DWR concluded that
meeting the water needs of California’s rapidly expandingThe narrowing of alternatives utilized a broad range of in-
population will involve a variety of water management ap-formation that is important to water resources planning.
proaches, including 1) water ~onservation, 2) water sal-The selection process considered previous studies, activi-
vage, 3) conjunctive use of surface and ground water, 4)ties implemented during droughts, legislative activities,
water transfers, 5) water sharing, 6) waste water reclama- statewide referendums, comprehensive water conserva-
tion, and 7) water banking. The SDWMP is part of tion and reclamation activities, the SDWMP objectives
planned water banking to help meet California’s futureand project operational flexibility. Previous studies eva-
needs, luated alternatives on the basis of such factors as econom-

ics, energy, water supply, fisheries, wildlife, recreation,
Program Need water quality technological, legal, and institutional con-

The SDWMP action is in response to: political pro-straints, issues,andcompatibilitywith other
posals.

¯ an October 1986 framework agreement amongDWR,
Reclamation, and SDWA that committed all three In general, previous studies showed that an isolated facil-

parties to work together to develop mutually accept- ity would provide favorable reliability, fishery protection,

able, long-term solutions to the water supply prob-and improved water quality when compared to other al-

lems of water users within SDWA; ternatives such as a physical barrier or through-Delta fa-
cility. Recent updates of previous studies showed this

¯ 1984 legislation that authorized Los Banos Grandessame trend. However, the June 1982 voter rejection by
Offstream Reservoir (LBG) south of the Sacramen- State referendum indicated that an isolated Delta facility
to-San Joaquin Delta, which would store winter was unacceptable to the public.
flows; and

The previous studies also showed that a through-Delta¯ a need to increase the operational flexibility and reli-
ability of the SWP, to meet contractors’ requests,system compatible with the SDWMP would provide sig-

which, more than half the time, exceed annual deliv-nificant advantages over existing conditions. Also, exten-
sive programs since 1975 to implement water conserva-ery capability, and to improve the quality of water

supplies, thereby reducing future difficulties andtion and reclamation have determined that statewide

costs of treating drinking water, demands can be reduced by 1.3 MAF by 2010.

Program Objectives Two types of alternatives are evaluated ha this report:

¯ South Delta Water Management alternative facili-
The objectives of this action are to: ties.
¯ improve and maintain water levels, circulation pat-¯ Water supply augmentation and demand-reduction

terns, and water quality ha the south Delta area for lo- suchalternatives,including measuresaswater con-
cal agricultural diversions; servation and desalting.

¯ improve SWP operational flexibility to help reduceUnder the SDWMP, eight different alternatives and a no-
fishery impacts and improve fishery conditions; action plan were evaluated. Each alternative evaluated is

¯ improve SWP and CVP water supply reliability a combination of various project components, including:
through enhanced capabilities for banking winter1) mitigation and enhancement barrier-type facilities,
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2) an enlarged Clifton Court Forebay, 3) new intake struc-These measures are in addition to water conservation and
tures, 4) channel improvements, and 5) related projectwaste water reclamation measures included in statewide
modifications. The alternatives were formulated to evalu-future water supply planning. Moreover, extraordinary
ate the various project components and to show the wid-water conservation alternatives will help offset the
est range of impacts. Each alternative was evaluated un-400,000 acre-foot shortage that is expected to occur 10
tier a wide range of monthly exports. The preferred percent of the time by 2010 with all currently planned ex-
alternative is to: pansions of the SWP, including the preferred alternative.

¯ enlarge Clifton Court Forebay to about 5,000 surface Program Benefits
acres with new intakes at Old River and Middle River The SDWMP will provide numerous benefits:
at the west and east ends of North Victoria Canal;

¯ enlarge some existing south Delta channels to im-Delta Agricultural Use and Water Level. The SDWMP

prove conveyance and circulation; will improve conditions for agriculture in the south
Delta by:

¯ acquire a U.S. Army Corps o,f Engineers (Corps) per- ¯ installing and operating mitigation and enhancement
mit to increase the ptlmping capability of the Banks barrier-type facilities to improve water levels and cir-
Pumping Plant up to 10,300 cubic feet per second to culation in south Delta channels;
allow for operational flexibility. This pumping rate¯ operating barrier-type facilities in the south Delta towill occur mainly during high-flow months. More
than 80 percent of the time, pumping rates will be keep San Joaquin River water from directly entering

lower than 8,000 cfs; and the south Delta;
¯ improving the existing Clifton Court Forebay so that

¯ construct up to four mitigation and enhancement water can be released during the irrigation season, to
barrier-type facilities in south Delta channels to di- enhance water quality in the south Delta channels;
rectly improve water level and circulation. Imple- and
mentation of these mitigation facilities can start, in-
dependent of the forebay expansion, as soon as an̄ making interim releases from New Melones Reser-

agreement is signed with SDWA. Summary Figure 3 voir to improve water quality in the south Delta.

shows the preferred alternative. SWPReliability. The SDWMP will increase the reliability
of SWP deliveries by increasing wet-period diversions of

Water conservation and reclamation alternatives wereunregulated flows when operated with additional storage
also evaluated. Impacts associated with reclamation pro-capacity south of the Delta.
grams are generally insignificant unless construction is in-
volved. Brine disposal and energy consumption are con-SWP Water Quality. Under the preferred alternative, wa-

sidered as water desalting impacts, ter quality at the intake to Clifton Court Forebay will be
improved. The preferred alternative’s new intake gate lo-

Water conservation and reclamation measures would helpcation will divert from a source of better quality water.
reduce the projected water delivery shortfalls. TheseThese improvements will reduce chloride, bromide, and
measures, however, could provide only a part of the addi-total dissolved solids at the SWP intake. This will provide
tional water needs. In addition, these measures, alone,a better source of water to be treated for intended use as
will neitherprovide operational flexibility for the SWP drinking water. Water quality can also be enhanced by the
nor improve water quality, water levels, and circulationability to take advantage of seasonal and short-term water
patterns in the south Delta. Therefore, the SDWMP, in quality improvements.
conjunctionwith continuedandincreaseduseof water Delta Fisheries. Operation of a barrier at the head of Old
conservation and reclamation measures for year 2000, isRiver will improve flow patterns for San Joaquin River
needed to meet the multi-objective goals planned for thesalmon and steelhead migrations. Improved circulation,
Delta. water quality, and water temperature in the Delta will

Extraordinary water supply and demand reduction alter-also have a positive impact on resident fish in south Delta

natives were compared to the alternative operationalchannels. Levee setbacks would create added shoreline

plans with the SDWMP. These comparisons also providedhabitat.

the basis for defining the municipal and industrial yieldThe preferred alternative also provides the operational
benefits of the SDWMP in the economic evaluation, flexibility to shift exports away from critical periods for
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eggs, larvae, and juvenile striped bass. This can help re-
duce the direct loss of striped bass caused by SWP pump-
ing. The preferred alternative can also improve western

Operational Flexibility Delta flow patterns and Delta water quality, which will re-

duce adverse impacts on striped bass. To a limited extent,The enlarged forebay, new intake gates, and 10,300 cfs
pumping capacity can improve SWPoperationalflexibility to a larger forebay can also allow for intermittent closure of
manage operations in a manner that will I) improve project the Delta cross-channel to improve fish migration in the
reliability, 2) reduce fishery impacts and 3) improve condi- Sacramento River. During the periods of closure, exports
tionsfor local agrictdtural diverters. With added operational can continue from the additional forebay volume.
flexibility, the project can bank water supplies south of the
Delta daring winter and high flow conditlons, when the New Melones interim releases will also provide instream
abundance offish islower. Duringpcrlods of low inflow to the fishery benefits in the Stanislaus River, San Joaquin Riv-
estttary, these supplies south of the Ddta can be used to reduce er, and south Delta channels. A direct diversion option
the demand on Delta exports and reduce estuary impacts, and measures to remove predation will reduce existing
Another operational advantage includes the ability to control predation losses at the Delta complex.
the proportion of annual reserve storage in r~ervoirs north
andsouth of the Delta. This could increase the frequency of

EnergyRequirement.The increasedpumpingcapacityandrefilling storage from varied runoff patterns.
enlarged forebay will allow SWP operators to lower ener-

Added operationalflexibillty can reduce the cost and diffi- gy COSTS by using the bulk energy market to buy available
¢ulty of treating drinldng water by improving the quality of short-term electricalpower.
delivered supplies. The flem’bility to operate an adda’tlonal
intake on Middle River will reduce trihalomethane forma. Contra Costa Canal Drinking Water Supplies. An enlargedtlon potential, total dissolved solids, and chlorides. Also,

forebay would provide an opportunity to relocate the
the increased ablh’ty to take advantage of seasonal and
short-term water quality improvements could further ira- Contra Costa Canal intake to the forebay and improve the

prove the quality of delivered supplies. The project’s abih’ty quality of water to be treated for household use in Contra
to meet the increasingly complex water rights and water Costa County.
quality standards can be improved through greater fle.r~il-
ity to manage Ddta salinity on a day-to-day basis during Flood Control. The SDWMP includes levee improve-
controlled flow conditions. Increasedflexlblh’ty can reduce merits, channel dredging, and operation of Clifton Court
costs by allowing for the use of the bulk energy market to buy Forebay to provide flood control benefits.
available short-term electrical power.

Navigation. Scenic channels not easily accessible to boat-In addition to shying exports away from periods of high ing because of siltation can be dredged to improve naviga-
fish abundance to periods of low abundance in connection

tion. Additional gate operational flexibility will reduce
with winter banking, project operational flexibility can re-
duce fish impacts in other ways. A larger forebay can in- project drawdown effects.
crease the time in which the Delta cross-channel can be in-
terraittently dosed, thus improving conditions for fish mi. Recreation. Proposed channel improvements could pro-
gratlon in the Sacramento River. Fish loss due to predation vide opportunities for additional recreational develop-
in theforebay can also be redacedbyprovidingfor direct ment. Dredging would make some scenic stretches of
export capability from Italian Slough for short periods of channels accessible. Levee setbacks could create berm is-
time. lands and additional shoreline for riparian habitat and

Local agricultural diverters can also benefit from added op- recreational opportunities. Barrier-type facilities would
erationalflexibility. A largerforebaywithadditionalintakes improve water levels for recreational boating in certain
can be operated during the irrigation season to release water channels that are now shallow and stagnant. Any recre-
to south Delta channels, thus improving waterlevels and cir- ational development will avoid sensitive wildlife areas.
culutlon. The larger forebay can also reduce the frequency

and duration of gate openings, thereby reducing the effects Wildlife. Additional lands will be acquired to enhance di-
to surrounding diverters, verse species of Delta wildlife. Development of high-

quality wetland habitat on these lands can provide signifi-
cant enhancement opportunities. Alternative designs will
also include provisions to acquire and create channel is-
lands to produce additional attractive wildlife areas.
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Economic Assessment covery generation on the aqueduct. Operational flexibil-
ity achieved by implementation of the SDWMP will also

The following table shows the,estimated economic bene-partially offset SWP energy requirements through use of
fits the SDWMP will provide to various service areas with- both off-peak energy and short-term bulk power avail-
out the additional water-supply benefits of Los Banosable in the market.
Grandes Reservoir and the Kern Water Bank (KWB). To-
tal benefits of the SDWMP are estimated at $35 millionConstruction Impacts. Impacts due to construction of the
peryear. This level of benefits supports continuation of anproject components are temporary and consist of:
enlarged forebay independent of LBG and KWB.

¯ increased traffic in the project area;

Annual Benefit        ¯ increased noise levels;
~ , ( $ million)

M&I ¯ disturbed vegetation in the project area;

South Coast 29.3 ¯ possible disrupted local utilities; and

Central Coast 0,8 ¯ increased dust and turbidity in the project area.
San Francisco Bay                 2.3

Impacts on Wildlife and Wildlife Habitat. Under the pre-
Tulare Lake 0.6 ferred alternative, Clifton Court Forebay will be enlarged

by about 3,000 surface acres. Agricultural land in theSacramentoRiver
Subtotal 33.2 project area will be purchased and converted for use in the

forebay expansion. Channel enlargement will include de-
Agricultural sign to provide berrn habitat by levee setback. Losses of

Tulare Lake 1.3 wildlife habitat will be fully mitigated through adoption of
a wildife management plan for Sherman Island or for oth-Total 34.5
er appropriate locations.

Impact on Salmon and Steelhead. Under the preferred al-
Environmental Assessment ternative, changes in Sacramento River flow and SWP ex-

Environmental assessments for the preferred alternativeports may cause some negative impacts to migrating salm-

are showninTable 1, which summarizesthecombinedim-on and steelhead. The battier on Old River at the
pacts of the KWB, LBG, and SDWME Without KWB confluenceoftheSanJoaquinRiverwillimproveSanJoa-

and LBG, the SDWMP will have lower total exports, quin River salmon migration.

which can reduce some of the impacts shown in Table 1. It
will also provide lower total operational flexibility and will Direct impacts of the Delta complex on salmon are calcu-

not achieve a level of benefits similar to that of the threelated by a fish loss model. The preferred alternative re-
suited in slightly greater losses of Chinook salmon corn-projects combined,
pared to the no-action alternative.

Impacts under the preferred alternative were determined
for the following: Impact on Resident Fish. Direct impacts of the preferred

alternative on resident game and non-game fish were eva-
Energy Impacts. To the extent that water deliveries luated. Two species of resident game fish (black crappie
through SWP facilities will increase due to implementa-and bluegill), and two non-game fish (threadfin shad and
tion of the SDWMP, SWP energy requirements will also yellowfin goby) were impacted. However, the impacts
increase. The estimated average annual increase in ener-were found to be insignificant. All of the other resident

requirements is about 800 GigaWatt hours (GWH). fish evaluated, including Delta smelt, will benefit from
About 200 GWH of this would be recovered by SWP re- implementation of the SDWMP.

C--041 239
(3-041239



Potential Cumulative Effect Development of Wildl~e Areas. Land acquisition and cre-
ation of channel islands will be included with this pro-

Table 2 shows the potential future cumulative effects ofgram. DWR is committed to the West Delta Water Man-
the SDWME Not all the water resources activities listed agement Program (WDWMP) to provide mitigation for
in this table will be implemented in the near future, andthe enlargement of Clifton Court Forebay. The
some will extend beyond the scope of current statewideWDWMP provides a vast wildlife habitat on Sherman Is-

land as part of a wildlife management plan under consid-waterresourcesplanning.Justhowall theseactivitiesin-
ter-relate is difficult to project. However, certain as- eration by DWR and DFG.
sumptions can be made to combine actions with mitigation
and thus produce favorable effects on the cumulative im-Interagency Programs. The Interagency Health Aspect
pacts of the SDWMP. Other assumptions could combine Monitoring Program for the Sacramento-San Joaquin
actions without mitigation, th, erebyproducing adverse im-Estuary is partially funded by DWR. The Interagency

pacts. Without mitigation, the SDWMP, along with LBG Ecological Study Program involves funding by both DWR
and KWB, could gradually reduce the fisherybenefits that and Reclamation. Both organizations are committed to
will be gained through implementing the SDWME support studies conducted by the programs. These studies

will provide a sound basis for mitigation measures.

Water Conservation, Water Reclamation, and Water Market-
Mitigation Measures

Objectives of the SDWMP include improvement of exist- ingActions. These actions will be an integral part of all fu-
ing conditions in the south Delta; therefore, mitigationture water development. Significant reductions in de-
and enhancement features are an integral part of southmands have occurred from programs implemented since
Delta planning. Other mitigation actions include: 1975. Additional programs will be implemented along

with the SDWMP.
Fish Agreement (Article VII). The existing ’~kgreement to Mitigation for EnergyImpacts. IncreasedSWPenergyre-Offset Direct Fish Losses in Relation to Harvey O. Banks
Delta Pumping Plant" provides in Article VII for further quirements will be partially offset by efficient energy con-

negotiations to develop, continue, and improve mitigation
sumption through use of off-peak energy.

measures for the Delta estuary. These negotiations,Mitigation for Construction. Mitigation measures for con-
which have already begun, are between DWR, the De- struction consist of use of roads during off-peak hours,
partment of Fish and Game (DFG), and Reclamation.use of flagmen to direct traffic, and replanting of vegeta-
Negotiations are conducted publicly, and input from envi-tion in the project area. Such mitigation actions can re-
ronmental groups and water users is encouraged. The op-duce or eliminate the impacts caused by construction.
erational flexibility provided by SDWMP will be ad- Archeological and Cultural Resources. The design and
dressed during the negotiations to formulate provisionsspecification of the project will include avoidance of
that will help reduce fishery impacts, known archeological and cultural resource sites. Also, flit

The negotiations will include provisions for the Bay-Del-is determined during construction that sites meeting the

ta estuary along with mitigation measures that can be pro-criteria of the National Register would be adversely af-

vided by SDWMP. Development of specific mitigation fected, the State Historic Preservation Officer will be

measures for SDWMP will be guided by the negotiatingconsulted to develop acceptable mitigation procedures.

group. Protective measures for fish will also be designedMitigation for cumulative impacts generally consists
to include measures for NDWMP and LBG, when ira- ¯ safeguards by laws, regulations, and water rights stan-
plemented, dards;
DWR and Reclamation are committed to the negotiation¯ actions to offset losses in the estuary, such as the
process and to the formulation of an acceptable mitigation Suisun Marsh protection agreement to provide pro-
plan for SDWMP. tection for the Marsh;

SDWA Contract to Protect LocalAgricultural Supplies. This ¯ contracts between project operators and various in-
contract will define specific protection measures, includ- terests such as Delta agricultural and industrial users;

ing installation of the mitigation and enhancement barri- and
ers shown in Figure 3. Interim releases from New¯ physical measures such as habitat improvements,
Melones Reservoir are to be included, grow-out facilities, fish screens, and fish hatcheries.
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Environmental Commitments
I           DWR or Reclamation are committed              ¯ obtain necessary federal and State regulatory permits.

to the following:

I ¯ make available the option for improved water suppfles
¯ negotiate with DFG according to Article VII of to the Contra Costa Water Dis~ct through interconnec-

the existing Banks Pumping Plant Fish tions.
Agreement to identify additional protective

I ¯ operateSWPunderthepreferredaltemativetonotcon-
measures for the Bay-Delta estuary.

flict with any requirements imposed on DWR by the¯ negotiate with SDWA to protect local agricul- State and federal Endangered Species Acts.

I tural water diversions, local water qualib/,
and local water levels.

¯ operate the CVPin such a mannerthatitwillnotjeopar-
¯ seek Congressional authorization for con- dize the continued existence of any listed species.

I struction of mitigation and enhancement fa-
cilities. ¯ reduce predation in Clifton Court Forebay by removing

predators and providing intermittent direct diversion
DWR or Reclamation are committed to fur-           from Italian Slough into the fish protective facili~.I ther define and Implement the following as
part of the SDWMP:

¯ complete the Class///Cultural Resources Survey for the

I ¯ continue existing--and, if necessary, ex- selectedalterna~ves, ffanystitesarefoundtobeeligi-
pand--monitoring programs for sedimenta- ble for the National Register and cannot be avoided, a
tlon, scouring, seepage, water quali~ and mitigation plan will be developed.
the effectiveness of mitigation plans.

I DWR or Reclamation are also committed to:

¯ mlUgate for wildlife habitat losses by adopt- ¯ provide improved forecasting for Delta water supply
ing a wildlife management plan on Sherman conditions for local agriculture.

I Island or other IocaUons as appropriate.

¯ construct facilib,’es to Improve flows in the San Joaquln
¯ maintain existing channel berm habitat, and River to improve survival of young salmon.

I include design to provide additional berm
habitat by levee setback. ¯ provide interim releases from New Melones Reservoir

for improvement of both water quaiib/ and fisheries.

i ¯ mitigate for construction impacts, including
using flagman and off-peak hours for trans- ¯ advance statewide water conservation and reclama-
portation and replanting impacted vegeta- tion programs that could lessen the demand on Delta
tion. water supplies.

I ¯ mitigate for energy impacts, including best ¯ participate in a recovery team for winter-run salmon
use of off-peak energy supplies, and to miti- and obtain appropriate agreements or permits..

I gate for any new power facilities.

¯ comply with future Delta standards set by SWRCB as
¯ perform comprehensive testing of dredged the result of its current hearings.

i materials ff used for enhancement of existing
levees or construction of new levees.

¯ operate the CVP in compliance with Delta water quafi~y
standards set by SWRCB as a result of its current hear-

¯ continue activities that contribute towardmit-         ings, provided that the required operatiion complies

I igation for cumulative impacts of the project. with Congressionaldirections.

xx~
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Table 1
Summar7 of Environmental Assessment for the Preferred Alternative

Protection/Mitigation
Subjects Physical Impact Environmental Impact Measures

Construction Increase in noise, dust, truck traffic,Environmental impacts will be CAL--OSHA regulations (noise);
and turbidity; disturbance of vege- short-term. No significant long- Regional Water Quafity Control
tation; minor disruption of services term impact is expected from Board permit (turbidity); use
(cables, gas lines, etc.); and some project construction. Local con- of flagman and off-peak hours
minimal recreational inconven- struetion work force will be used for transportation; replanting
iences are expected. Some channelfor the Project. vegetation; Endangered Species
dredging in the South Delta. Act of 1973; and State and

federal dredging permits.

Delta Outflow Slight decrease in Delta outflow Shift in exports can have positiveD-1485 protective outflow.
in winter and during high flow effect on fishery. Slight decrease standards. Existing and new
conditions, in Delta outflow in winter and fish protection agreements.

high-flow conditions will have
minor impact on environment.

Delta Outflow Minor decrease in number of Unknown environmental impact. San Francisco Bay Study funded
Pulses pulses. (partially) by DWR.

Cross-Delta Flow Minimal changes on Cross-Delta No impact is expected. Existing and new fish protect-
flow. ion agreements.

Local Municipal Possible future water quality Potential water quality improve- D-1485 protective standards.
and Industrial improvement to the Contra Costa ment and waters upply for Various industrial water supply
Use Canal with potential relocation, municipal and industrial use in contracts.

Reduced days of availability of the Delta. Protective water
offshore supply, quality standard for M&I will be

met for all year types.

SWP Water Reduced total dissolved solids, SWP water quality will be D-1485 protective standards.
Quality chlorides, bromides, and THM-FI~. improved. EPA and California Dept. of

Health Services drinking water
standards. SWP contract objec-
tives.

Agriculture Improve circulation, increase waterImprove water supply and water Delta Protection Act. South
levels, quality for South Delta Water Delta agreements. Releases

Agency agricultural users, from New Melones.

Water Supply Increase Banks Pumping Plant Provide more flexibility for op- D-1485 protective standards.
Reliability exports during winter and high-floweration of the SWl~. Shift in Letter limiting exports. Existing

conditions. Increase capacity export will have positive effect and new fish agreements.
from 6,400 cfs to 10,300 cfs. on environment. U.S. Army Corps of

Engineers Permit.

Sedimentation, Increase velocity in Old River. No scouring or sedimentation Channel improvements and
Scouring, and is expected, forebay intake design will pre-
Seepage vent scouring and sedimenta-

tion. Existing scour monitoring
program will be expanded.
Seepage monitoring program
will be established.
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Table 1 (Continued)
Summary of Environmental Assessment for the Preferred Alternative

Protection/Mitigation
Subjects             Physical Impact                Environmental Impact                Measures

Navigation        Increased water levels, channel     Improved access to scenic         Provision for boat passages
dredging and physical barriers, channels, and boater designation sites.

Wildlife Inundation of 3,000 acres for Loss of plant and wildlife habitat. Implementation of a wildlife
forebay enlargement, management plan. Creation of

channel islands and additional
shoreline.

Salmon and Construction and operation of Improved flows in San Joaquin D-1485 provides for flow and
Steelhead barriers will improve San Joaquin and Old River will have positive salinity standards in the Delta.

River flows. Water quality, dissolvedimpact on San Joaquin River SWP and CVP fish protective
oxygen, and temperature will spawning. Minor impact on facilities. Existing and new fish
improve. Sacramento River salmon, protection agreements. Preda-

tion may decrease by using
alternative Italian Slough diver-
sion and expansion of forebay.
Interim releases from
New Melones.

General Impact    Provide operational flexibility. May and June export reduction D-1485 (salinity and minimum
on Striped Bass ~ports can decrease from and operational modification canfiow standard for striped bass.)

rMay through July. Flov~ in lower improve conditions for striped Existing and new fish protec-
San Joaquin River can increase inbass during spawning and for tion agreements
May, June, and July. Increases inyoung striped bass. Entrainment
reverse flow August--November. of young Sacramento River bass

from Project exports would be less.

Direct Impact on Can shift export from summer toShifting export can benefit D-1485 protective standards.
Striped Bass winter, sWiped bass during critical periods.Predation decrease in fore-may

22% reduction in direct fish bay by increasing the volume
losses is expected, and using Italian Slough intake

periodically.

Resident Fish Entrainment may decrease in spring Minimum net impact on resident
and summer.Water quality, dissolved fish.
oxygen, and water temperature in
south Delta channels can improve.

Fish Food Can reduce exports in spring and Shift in export can benefit D-1485 protective standards.
Resources increase exports in winter. Neomysis. More Sacramento RiverInteragency ecological study

water with low plankton densities program. Existing and new
wiI1 flow to interior Delta. fish protection agreements.

Suisun Marsh Delta outflow will decrease slightly.No significant impact is expected Suisun Marsh Protection Agree-
because of:. ment. Facilities and monitoring
* little changes in outflow program.
¯ physical protective facilities and
o existing agreement to protect

the Marsh.
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....... Summary of Environmental Assessment for the Preferred Alternative

.......... Protection/Mitigation
S~jects Physical Impact Environmental Impact Measures
J~aneL~o Bay Minor decrease in number of Unknown Impact. D-1485 protective standards.

pulses, minor changes in Delta Various studies of Bay resources
outflow, funded partially by DWR.

Service Area Improve water supply reliability. Primarily replacement supply. Local regulations and mitigation
No expansion of agricultural land Not growth-inducing. Provide actions. Zoning and planning.
is expected, better quality of life with

f~r water shortages.

ii~e.,r Resources Increase SWP power supply re- Potential increase of fossil fuel Water conservation measures.
quirements. DWR is not planning consumption. Best use of off-peak power.
to build a new power plant to meet Mitigation measures for

’~ logical~     increased load.
existing plants.

and Some cultural sites are near the Sites to be avoided. Design and specification of the
,~turaI Resour~s project are~ project will include avoidance of

cultural resources sites. Con-
struction consultation ff needed.
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Table 2
Potential Future CumuIative Effects of South Delta Water Management Facilities

and,,,,potential Related Prqiect~ or Actions on Delta. ....
.... Delta          Delta         Delta        Delta Water

Project or Inflow Export Outflow Quality Potential Fish
Action Changes Changes Changes Changes and Wildlife Comments
So~tth Delta No change Winter Winter Improvement in Downstream San Ongoing fishery
Water increases decreases drinking water Joaquin River negotiations
Management summer quality and salmon migration concurrently
Program decreases agricultural improved. Water with south

water quality quality, dissolved Delta water
oxygen, and tern- agency
perature conditionsnegotiations
for resident fish
improved in south
Delta channels;
reduced entrain-
ment losses. Nega-
tive minor impacts
on Sacramento
River salmon.

North Delta Summer and Drier year Drier year Drinking water Net fish migra- Ongoing fisher~
Water fall reductions increases decreases; protections from tion improved negotiations
Management water right reduced chlorides, with reduction concurrently
Program protective out- bromides, TDS of reverse evaluating

flows will be and THMFP flows. Potential this program
maintained reduction of with SDWMP

screening losses.
Some increase in
young salmon in
central Delta

West Delta No change No change No change Protection Improvement in up! Improve Delta
water against salinity to 10,000 acres of water supply
management intrusion resulting diverse wildlife reliability
plan from flooding habitat including

wetlands

Coordinated Potential for Potential for Potential for Reduced protec- Increased COA requires
Operation increases increases decreases tion without screening losses Delta protection.
Agreement and Delta improve- Mitigation
Section 10 ments alternatives

possible

t-I. O. Banks No change Slight increase Slight decreaseSlightly improved Slight increase Estimated yield
Delta Pumping due to shifting to in screening increase of 60,00~
Plant additional winter months losses AE No further
units increases withou~

Corps permit.

H.O. Banks Significant cor-    Article VII nego-
Delta Pumping rective potential tiations continue
Plant Fish
Agreement
and Article VII .
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Table 2 (Continued)
Potential Future Cumulative Effects of South Delta Water Management Facilities

and Potential Related Pr, oje,,cts or Actions on Delta
Delta          Delta         Delta        Delta Water

Project or Inflow Export Outflow Quality Potential Fish
Action ........ Changes Changes Changes Changes and Wildlife Comments
SB 34 Delta No change No change No change Protection against Act requires the Improvement in
Flood Protec- salinity intrusion planning for and Delta levees and
lion Act from flooding enhancement of resulting better

fish and wildlife reliability of the
Delta

Delta No significant Potential for Winter Minor Provides Project planning
wetlands change some increase months winter operation being conducted
project decreased month changes flexibility by private

corporation

Offstream No change Wetter year Wetter year Minor changes Provides Los Banos
storage south increases; reductions in winter operational and Kern
of the Delta minimum months flexibility to included in

change in reduce incre- Chapter 5
drier years mental screening impact

losses analysis

North of Delta Winter and Drier year Winter and Improved Increase in Current
additional spring increases spring redue- drier year flows and instreamplanning on
storage develop- reductions; tions and protections benefits/screening Auburn Dam
ment summer and potential losses increased and Red Bank

fall inca’eases summer and Project
fall increases

Central No change No change No change No change No change Slight increase in
Coastal project deficien-
studies ties

Potential Drier year Drier year Drier year Improved Increased Active planning
Conjunctive increases increases increases quality in south screening losses for New Melones
use programs Delta in drier improve fishery Reservoir;
upstream of years flows in Stani- can provide
Delta slaus and San significant

Joaquin rivers south Delta
in drier years benefits

Potential water No change Potential Potential Increased Minimizes Additional 200
conservalion reduction increase protection screening losses TAF assumed in
alternatives place by 2010

Water Drier year Drier year Drier year Improvement Screening
qa’ansfers increases increase increases losses
north of Delta increased

Water transfers No change Potential Potential Improvement Improvement Reduced impact
south of Delta ...... d ,eerease increase on Delta
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Table 2 (Continued)
Potential Future Cumulative Effects of South Delta Water Management Facilities

and Potential Related Projects or Actions on Delta
Delta Delta Delta Delta Water

Project or Inflow Export Outflow Quality Potential Fish
Action Changes Changes Changes Changes and Wildlife Comments

Desalination No change Potential Potential Increase Minimizes South of the
reduction increase protection screening losses Delta only.

Upstream Winter and Drier year Drier year Improved drier Increase in river Studies are
watershed spring increases increases year protection flows and instream continuing
vegetation increases benefits/screening
management losses increased

Upstream Winter and Drier year Drier year Improved Increase in river Pilot program
weather spring increases increases drier year flows and instreamconducted in
modification increases protection benefits/screening 1988

losses increased

Reelamation Potential for Potential for Potential for Reduced protec- Increased The environ-
water increases increases decreases tion without screening losses mental effects ar~
contracting Delta improve- similar to those
programs ments discussed in the

COA.

Reduced Potential for Potential for Potential for Reduces Increased Potential
Colorado increase increase decrease protection screening losses reduction could
River supplies without Delta be 775 TAF

improvements

Reduced east- Potential for Potential for Potential for Reduces protec- Increased Potential
ern Sierra increase increase decrease tion without Delta screening losses reduction
supplies improvements 60,000 TAE.

Loeat Reduction No change Reduction D-1485 Some reduction Protected by
upstream in instream area of origin
increased use benefits and water rights

Upper No change No change No change Potential Improved: Federal legisla-
Sacramento improvement temperature, tion pending
River fisheries fish rearing, State legislation
and riparian screening, enacted
habitat manage- fish ladders,
ment program spawning gravels

Mitigation No change No change No change No change Significant As now defined,
Banking improvement applies to

in most cases wetlands only

San Joaquin No change No change No change Improved Will revive and Drainage
Valley drainage water protect wetlands management
agricultural quality strategies being
drainage program studied
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Figure 1-1. South Delta Water Management Study Area 1
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CHAPTER 1. INTRODUCTION

The California Department of Water Resources (DWR) canals, Grant Line Canal, Italian Slough, Indian Slough,
and the U.S. Bureau of Reclamation (Reclamation) pro- Tom Paine Slough, and the adjoining SWP and CVP ex-
pose to implement the South Delta Water Managementport facilities. SWP export facilities operated by DWR
Program (SDWMP). This program has multiple objec- (Figure 1-2) consist of Clifton Court Forebay, John E.
tives: to help solve the problems of water levels, water cir-Skinner Delta Fish Protective Facility, the intake channel,
culation, water quality, project water supply reliability,Harvey O. Banks Delta Pumping Plant, and Governor
and fishery impacts. The action is in response to: Edmund G. Brown California Aqueduct. CVP export fa-

cilities, operated by Reclamation, consist of the Delta
1) an October 1986 framework agreement amongMendota Canal, Tracy Fish Collecting Facility, and the

DWR, Reclamation, and the South Delta Water Tracy Pumping Plant.
Agency (SDWA) that committed all three parties to
work together to develop mutually acceptable, long-Some concerns in the south Delta are the water levels,
term solutions to the water supply problems of water quality, and circulation at certain times and locations.
users within SDWA; These concerns can be attributed, in varying degrees, to

one or more of six basic causes:
2) 1984 legislation that authorized Los Bands Grandes

Offstream Reservoir south of the Sacramento-San¯ natural tidal fluctuation
Joaquin Delta, which would store winter flows; and

¯ degraded San Joaquin River inflow
3) statewide projections showing future increased water

needs. ¯ local agricultural diversions and returns

¯ inadequate channel capacities
South Delta Background

¯ State Water Project operations

The south Delta study area generally comprises the lands̄ Central Valley Project operations
and channels of the Sacramento-San Joaquin Delta
southwest of Stockton (Figure !-1). Included in this study These factors affect water levels and water availability at
area is the South Delta Water Agency, as defined in thesome local diversion points. Local agricultural drainage
Formation Act, California Statutes of 1973. In addition,returns, aggravated by poor water circulation, have af-
important features of the State Water Project (SWP) and fected channel water quality, particularly in shallow, stag-
Central Valley Project (CVP) are located in the study nant, or dead-end channels. Channels that are too shal-
area. This area is faced with complex water rights, water low and also restrict flow and the volume of waternarrow
supply, water quality, and environmental issues, available for export pumping. Chapters 2, 3, and 4 de-

scribe the hydrology and environment of the south Delta
The area within the SDWA boundaries includes aboutin more detail.
150,000 acres, of which about 120,000 are used for irri-
gated agriculture. The remaining area consists of water-SDWA is a public agency formed for the purposes of en-
ways, berms, channel islands, levees, and lands devoted totering into contracts with the United States and the State
homes and industries. About 450,000 acre-feet (AF) ofof California to protect the water supply of lands within
water is diverted from the 75 miles of south Delta chan- the agency from salinity intrusion and to assure a depend-
nels each year to irrigate the fully developed and highlyable supply of water to meet needs of lands within the
productive agricultural land. SDWA. In July 1982, SDWA filed a lawsuit over the ef-

fects of SWP and CVP operations on the south Delta.
Major channels and waterways in the south Delta studyThe suit sought a declaration of the rights of the parties, a
area include: San Joaquin River, Old River, Middle River,preliminary inj unction, and a permanent inj unction re-
Woodward and North Victoria canals, Victoria and North quiring that the projects be operated to protect the south
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Delta. The complaint by SDWA alleged that: Direct involvement of DWR in the suit is due to the effect ¯

of its pumps on the south Delta. The other issues involve

¯ CVP operations on the San Joaquin River, primarily
only Reclamation.

1
Friant Dam, unlawfully reduce the quantity and de- In thepast severalyears, SDWAhas at times reportedlow
grade the quality of water flowing in the San Joaquinwater levels in Tom Paine Slough and Middle River. As a
River to the south Delta. result of the complaints, DWR installed stage recorders, l

profiled the bottom of Tom Paine Slough, dredged the

¯ Operations of SWP and CVP pumps violate south shallow spots and modified Clifton Court gate operations

Delta rights by lowering water levels, reversing flows, to help alleviate the impact of SWP diversions on water 1
and diminishing the influence of the tides, levels. During a period of hot weather in July 1985, when

the farmers claimed they were losing crops due to insuffi-
cient water supply, DWR installed three pumps to provide ¯

¯ The Secretary of the Interior’s designation of the additional water into Tom Paine Slough.
Stanislaus River basin for allocation of water from
New Melones Reservoir violates south Delta rightsby Subsequently, DWR and Reclamation have taken further
not including the south Delta in the basin, interim actions to improve SDWA water conditions with ¯

¯,,,, . the State water Pro1~ect, is located about
r ~ A : r 10 miles northwest of Tracy. The current

surface area of the forebay is 2,180
acres; storage capacily is 31,260 acre-

cL/~ro~ couRr feet. The proposed South Delta Water
~ o ~ E # A Y Management Program would enlarge

the forebay to at least 5,000 surface
acres, with a storage capacity of about
75,000 acre-feet.

INTAKE

Together with the Skinner Fish Facility
and a connecting intake channel, ltar-
vey O. Banks Delta Pumping Plant di-
verts water from the south Delta through
Cl07~m Court Forebay for conveyanc.e
via the CaI~fornia Aqueduct and South
Bay Aqueduct to contracting agencies in
the south San Francisco Bay area, the
San Joaquin Valley, and Southern Cali-
fornia.

.The purpose of the forebay is to allow
fleaMTilily for pumping at the Banks
Pumt, ing Plant. Any of the South Detta

...... Water Management Plans would en-

hance operational flexibilit~.

Figure 1-2. Location Map

2
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I
positive results. DWR has modified operations at Clifton ter banking in offstream storage south of the Delta. In
Court Forebay, constructed siphons and extensively1984 the California State Legislature approved authoriza-
dredged in Tom Paine Slough, and constructed a weir intion of the Los Banos Grandes Offstream Storage Reser-
Middle River to mitigate the water level problems. Ira- voir as a future SWP facility (AB 3792, Chapter 1656,
mediately after the weir became operational, local farm- 1984). Full benefits of Los Banos Grandes will only be re-
ers reported that water levels were improved alized with increased channel capacity in the south Delta

and full operation of the Banks Pumping Plant. These
Reclamation has conducted pumping experiments at theand other projects, facilities, and programs for augment-
Tracy Pumping Plant during low-low tides to examine the ing supplies will be needed to improve the water supply
impacts of the CVP on the south Delta. No conclusive im- reliability of the SWP.
pacts were determined. Reclamation is also providing in-
terim releases from New Melones Reservoir to improveThe present dependable supply for the State Water Pro-
water quality and quantity in the area. ject is about 2.3 million acre-feet (MAF). Projected re-

quirements in 2010 are about 3.6 MAF, assuming 250,000In October 1986, DWR, Reclamation, and SDWA entered AF of water conserved in the Colorado River region be-into an agreement on a framework for settling the litiga-comes available for use in the South Coast region, and
tionbroughtbySDWA againstDWR andReclamation. waste water reuse increases by 200,000 AF in SWP serviceAll three parties agreed to work together to develop mu-
tually acceptable, long-term solutions to the water supplyareas. Under those assumptions, the existing SWP facili-

ties would have a deficit in present dependable supplies inproblems of water users within SDWA. More details of 2010 of some 1.3 MAF.agreements involving DWR and SDWA can be found in
the next section. Table 1-1 is a chronology of events in-
volving SDWA, DWR, and Reclamation. Planning Perspective

South Delta Water Management actions will also involveThe development and use of water in California involves a
an application to the U.S. Army Corps of Engineerssystem of State and federal laws. Many of these laws are
(Corps) for a permit to increase SWP exports from 6,400very specific to the Sacramento-San Joaquin Delta and
cfs to 10,300 cfs. Increased diversions would allow for win-include protective measures. This system is not fixed, but

’

Tom Paine Siphon

3
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evolves year by year as new issues are raised that requireThe environmental documentation process is used to
changes and interpretations, gather information on impacts, alternatives, and mitiga-

tion. Information needed for federal, State, and local per-
The current environmental regulatory process provides amits is also being incorporated into this process. Permits
useful forum for discussions which can lead to projectsare discussed in more detail in the regulatory permits sec-
that benefit all users, including instream uses. The proc-tion. See Chapter 7 for a discussion of environmental doc-
ess encourages step-by-step negotiations. DWR has beenumentation and public involvement.
successful in using this approach to identify concerns, in-
terests, and alternative solutions and to move forwardRelated Delta Protective Measures
with projects to protect the Delta and meet future water
needs of California. The history of water resources planning in California

shows many efforts, in addition to CEQA and NEPA, to
The environmental documentation process provides theorganize and implement programs that include Delta pro-
information necessary for federal and State regulatorytection. A number of these protective measures are dis-
permits and agreements. Federal regulatory permits arecussed below:
required to authorize implementation of any action or se-
lected alternative regarding navigable streams and wet-̄ Delta Protection Act

lands. This requirement assures involvement in and re-̄ Area of Origin Protection
view of the planning process by key federal agencies such

the Corps, the National Marine Fisheries Service, thē South Delta Agreementsas
U.S. Fish and Wildlife Service, and the Environmental̄ Delta Water Contracts
Protection Agency.

Federal Fish Agreements for Tracy
CEQA/NEPA Process

¯ Banks Pumping Plant Fish Agreement

The SDWMP will comply with and utilize the guidelines¯ Suisun Marsh Protection Plan
established in the California Environmental Quality Act
(CEQA) and National Environmental Policy Act (NEPA) ¯ Porter-Cologne Water Quality Control Act
as part of the planning process. ¯ Water Rights Protective Standards

The California Environmental Quality Act, Public Re- ¯ Coordinated Operation Agreement
sources Code Section 21000 et seq0, establishes a strong
public policy for preservation and enhancement of thē Delta Flood Protection Act
State’s environment. It also provides that environmental̄ Regulatory permits
factors should be considered in planning and feasibility
studies. Any facility to be constructed by or under the Delta Protection Act. The Delta Protection Act, enacted in
authority of the State requires an environmental impact1959, recognizes both the needs of the Delta and the
report if the facility may have a significant effect on the needs for exportation of water from the Delta to other
environment, parts of the State. However, the first priority is the satis-

faction of the reasonable needs for water in the Delta.
The National Environmental Policy Act, 42 U.S.C. Sec- The Delta needs protected by this Act include consump-
tion4321 et seq., containsa strong federalcommitment torive uses--such as agricultural, municipal, and industrial
preserve and enhance the human environment. It pro-use--and in-place requirements such as those for fish,
vides for preparation of an environmental impact state-wildlife, recreation, and other environmental values.
merit for facilities constructed by the federal government

its licensees or for facilities funded by the federal gov- Area of Origin Protection. The Area of Origin provisions ofor
ernment or subject to federal government approval wherethe Water Code set forth restrictions and limitations to
the project would be a major action with significant ira- protect the water requirements of the county of origin or
pacts on the environment, the watershed in which water originates. Since the
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Table 1-1
Chronology of Events

Involving SDWA, DWR, and Reclamation

October 1973 SDWA created by act of Legislature.

January 1974 DWR and SDWA negotiations began.

July 9, 1982 SDWA filed suit against U.S. Department of Interior (Reclamation) and the State (DWR).

May 1984 DWR installed three stage recorders in response to SDW,~s complaints of low water in Tom Paine Slough.

March 1985 DWR dredged Tom Paine Slough and modified Clifton Court Forebay gate operations to help relieve
the impacts of SWP diversions on water levels.

July 1985 SDWA claimed farmers were losing crops due to hot weather and insufficient water supply. DWR took
emergency action to alleviate the problem in Tom Paine Slough.

September 1985 DWR and SDWA signed a letter of intent on actions to improve water levels in the south Delta.

November 1985 Workplan issued for an interim program for mitigation of south Delta water level problems.

April 3, 1986 Corps issued Permit No. 9201 to dredge Tom Paine Slough.

April 17, 1986 DFG Streambed Alteration Agreement for Tom Paine Slough dredging.

May 6, 1986 Corps issued Permit No. 9204 to install siphons in Tom Paine Slough.

June 1986 DWR-SDWA Joint Powers Agreement regarding mitigation for the south Delta signed and approved.

June 1986 Joint Powers Agreement for Tom Paine Slough between DWR, SDWA, and Pescadero Reclamation
District signed and approved.

October 1986 Framework agreement for settling SDWA litigation signed by Reclamation, DWR, and SDWA.

October 28, 1986 Dredging of Tom Paine Slough completed.

November 4, 1986 Corps issued Permit No. 9205 to construct Middle River Weir.

January 1987 South Delta agricultural water supply project 3-agency workplan published.

February 6, 1987 DFG Streambed Alteration Agreement for new Middle River Weir.

May 15, 1987 Seasonal Middle River Weir installed. (Weir removed in September 1987.)

December 17, 1987 Reclamation and DWR agree to investigate interim facilities to mitigate for impacts on Old River due to
CVP and SWP pumps.

January 1988 Established Technical Advisory Committee to provide South Delta water management negotiators with
technical evaluations and recommendations for improved water management.

May 1988 Seasonal Middle River Weir installed in accordance with interim agreement. (Weir removed in
September 1988).

April 12, 1989 Seasonal Middle River Weir installed. (Weir removed in September 1989). ,

July 1989 Tom Paine Slough siphons completed.

October 1989 Negotiations continued with Reclamation, and SDWA.DWR,

!
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..... : ..... ¯ a plan to determine and to implement long-term so-
¯ lutions to the water supply problems in the south

Delta region.

¯ interim actions to be implemented while the long-
term solutions are being developed. Reclamation is to
provide water releases from New Melones Reservoir;
DWR, Reclamation, and SDWA are to develop a
method of forecasting low tide conditions; and Recla-
mation is to consider modifying export operations
when necessary.

Interim actions to be carded out by DWR are delineated
in the "Joint Powers Agreement Regarding Mitigation for
the South Delta" (June 1986) between DWR and SDWA.
The four interim measures are: 1) dredging Tom Paine
Slough (1986); 2) installing Middle River Weir (1987); 3)

lnterira Middle River Weir Near State Highway 4 constructing siphons in Tom Paine Slough (1989); and 4)
(Looking North) restricting operations at Clifton Court Forebay. (These

restrictions were relaxed when the first three measures

Burns-Porter Act declares the Delta to be part of the Sac- were completed).

ramento River watershed, the Delta falls under area of
origin protection. This protection grants the entities in ar-The "Joint Powers Agreement for Tom Paine Slough" be-

eas of origin the right to construct projects or make diver-tween DWR, SDWA, and Pescadero Reclamation District

sions without being subject to the prior rights acquired un-#2058 established details of the process for dredging Tom
Paine Slough and constructing the siphons.der State applications for the SWP. It also grants the

Delta, and all other areas of origin, certain preferentialDelta Water Contracts. Under State law, water users in the
rights to contract for project water within the general Delta are entitled to contract with the SWP for water or
framework established in the State water supply con-water quality protection. Under a SWP contract, water
tracts, entities can receive water quality benefits beyond what

they would receive by virtue of the Delta standards alone.
South DeltaAgreements. The effects of SWPand CVP op- DWR has negotiated long-term agreements with the
erations have been studied as part of the discussions andNorth Delta Water Agency and the East Contra Costa Ir-
negotiations between the SDWA, Reclamation, andrigation District to protect agricultural uses. DWR also
DWR. The three agencies have been working together tohas contracts with western Delta municipal and industrial
develop long-term solutions to the water supply concernswater users. Negotiations with Central Delta Water
of water users in the southern Delta. Agency and South Delta Water Agency (see South Delta

Agreements) are now proceeding. SWP contracts in the

To date, various agreements have been negotiated in con-Delta are discussed below:

nection with south Delta planning activities. Further he-¯ North Delta Water Agency. DWR and the North Delta
gotiations are underway on a permanent agreement. The Water Agency signed a contract in 1981 to protect
following describes the agreements, their relationship to water supply and water quality in the agency’s service
one another, and the goals of each. area, including Sherman Island. Their agreement

provided for a future overland water supply facility
The ’~greement on Framework for Settling Litigation for the island in lieu of offshore water quality. This
Brought by the South Delta Water Agency Against the long-proposed facility and possible alternatives are
United States and the California Department of Water presently under study. A possible alternative, which
Resources" (October 1986) established a process for would convert the land to wildlife habitat is discussed
DWR, Reclamation, and SDWA to resolve the litigation in the planning report, West Delta Water Management
filed by SDWA on July 9, 1982. The agreement includes: Program, July 1988.

6
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¯ Western Delta Municipal Water Users. Two contracts will yield "quickly demonstrated results" for the fishery
are in effect for replacement of municipal water sup- resources. The monies in this fund are in addition to the
plies in the Antioch-Pittsburg area. One is with the compensation for annual losses as outlined in the agree-
Contra Costa Water District (CCWD) for a municipal ment.
water diversion at Mallard Slough near Pittsburg; the
second covers use by the City of Antioch. Each con- Fish populations in the Delta are influenced greatly by a
tract provides that DWR compensate each entity for number of complex interactions, none of which has been
its additional costs of purchasing a substitute wateridentified as the principal environmental factor. Delta in-
supply from the Contra Costa Canal to replace off- flow, water exports,introduction of new species, power
shore supplies lost because of SWP operation, plants, consumptive uses, upstreamand localdiversions,

tidal action, levee failures, pollution, agricultural return
¯ Western Delta Industrial ,Water Users. One contract is flows, and recreational and commercial activities are all

in effect with Fibreboard Corporation, a paper manu- recognized factors that to varying degrees affect the fish
facturer at Antioch. DWR pays its share of the in- resources of the Delta.
creased costs to purchase water from the Contra
Costa Canal when the water quality of Fibreboard’s Both departments, however, recognize that the overall
San Joaquin River supply deteriorates below its in-fishery resources dependent upon the Delta have been
dustrial requirements. Negotiations are continuingadversely affected by the SWP, CVP, and other water re-
on a similar contract with Gaylord Container Corpo- source development projects.
ration for water used by its paper mill at Antioch.
Gaylord has recently purchased the Fibreboard mill.Article Vll Negotiations. These negotiations are being con-

Federal Fish Agreement For Tracy. The Bureau of Recla- ducted under the existing agreement between DWR and

marion has an agreement with DWR and the Depart-
DFG to offset direct fish losses in relation to the Banks

merit of Fish and Game (DFG) for the biological moni-Delta Pumping Plant. Article VII of the agreement re-

toring and overseeing of the operations of the Tracy Fishquires the parties to "...begindiscussions on developing

Collecting Facility (along with the State’s John E. Skinnerways to offset the adverse fishery impacts in the SWP

Fish Protective Facility). Through the agreement, Recla-which are not covered in that agreement, including facili-

marion funds a biologist to collect data and monitor theties needed to offset fishery impacts and provide more ef-
ficient conveyance of water." DWR and DFG wish to ful-operationstoimprovethescreeningandsalvagingof fish.

Currently, Reclamation and DFG are negotiating on ira-fill their obligations under Article VII of the agreement by

proving the CVP fish screens and on compensating forcommitting to negotiations for entering into a Framework
Agreement and subsequent agreement. This Frameworkfish losses.
Agreement will be designed to establish a procedural
framework for commitment and execution of an agree-

Banks Pumping Plant Fish Agreement. The ’~greement merit, or series of agreements, designed to identify, evalu-
between the Department of Water Resources and the De-ate, and implement the measures necessary to improve
partment of Fish and Game to Offset Direct Fish Losses fishery and wildlife resources in the estuary.
in Relation to the Harvey O. Banks Delta Pumping Plant"
was signed in December 1986. Direct losses are defined asReclamation has also determined that it is in its best inter-
losses of fish that occur from the time fish are drawn into est to participate with DWR and DFG in the negotiations
Clifton Court Forebay until the surviving fish are re- and be a signatory to the Article VII framework. After the
turned to the Delta. These losses occur in spite of fishframework agreement is finalized, the parties will evalu-
screens at the pumping plant, ate the SDWMP and its potential impacts and will define

special measures to mitigate and improve fishery condi-
The agreement sets up a procedure to calculate annuallytions in the estuary. An agreement, or series of agree-
direct losses of striped bass, chinook salmon, and steel-ments, will be negotiated committing the parties to imple-
head, and requires DWR to pay for mitigation projectsmentation of mitigation measures. It is expected that an
that would compensate for or offset the losses. Losses ofagreement will be implemented prior to a final EIR/EIS.
other species of fish will be mitigated as impacts are iden-If not, DWR and Reclamation will develop a mitigation
tiffed and appropriate mitigation measures are found,plan based on the issues discussed in this report and the
DWR also provided $15 million to initiate a program thatcomments received during the review period.
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!
Harvey O. Banks Delta Pumping Plant and Intake Channel with Fish Facilities and Forebay in Background

In addition to DWR, Reclamation and DFG, and otherthe State Water Resources Control Board (SWRCB) in
representatives from the environmental, water, and fish-August 1978.
ery communities are involved in the Article VII negoti-
ations in an advisory capacity. The Suisun Marsh plan of protection was developed by

DWR, Reclamation, DFG, and Suisun Resources Con-̄
servation District. First-stage implementation was ac-|

Suisun Marsh Protection Plan. The objective of this pro-complished with construction of the initial facilities in
gram is to develop and implement a plan to mitigate the1980. Following completion of these facilities, the four
adverseeffectsof theSWP, the CVP, and other upstream agencies worked toward an agreement that would moder-1
diversions on Suisun Marsh water quality. This programate the adverse effects of all upstream diversions on the
directly relates to Water Rights Decision 1485 issued bywater quality in the marsh.

1
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The Four-Agency Suisun Marsh Preservation Agree- prevention of unreasonable use, unreasonable method of
merit, as well as two auxiliary agreements, were signed inuse, or unreasonable method of diversion of water.

Realizing the intricate interaction of factors such as Delta
March 1987. Implementationof the planiscontinuing.

The key facility of the plan, the Salinity Control Gates,inflow, agricultural diversions, export diversions, and the
was installed in 1988. environment, SWRCB has reserved continuing jurisdic-

tion by issuing the permits with the right of subsequent
Porter-Cologne Water Quality Control Act. The Porter-Co- amendment of permit conditions. Consequently, begin-
logne Act gave State government the authority and organ-ning in 1967, hearings have been called to periodically
izational structure to regulate the quality of surface andreview and adjust permit conditions to reflect updated
ground water. The Act states that "...the quality of the knowledge of the Bay-Delta area. The most recent re-
waters of the state shall be regulated to attain the highestview in this series is the ongoing San Francisco Bay/Sacra-
water quality which is reasonable ...." mento-San Joaquin Delta Estuary hearing (Bay/Delta

Hearing), which convened in July 1987.
Enacted in 1969, the Porter-~Cologne Act allows for each
regional water quality control board to formulate andThe purpose of the Bay/Delta Hearing is to review,
adopt water quality control plans for all areas within thebroaden, and refine the 1978 Water Quality Control Plan
region. Plans are adopted by the appropriate regionaland Water Rights Decision 1485 so that reasonable levels
board to meet requirements of the Porter-Cologne Waterof protection for beneficial uses, as affected by flow and
Quality Control Act, are submitted to the SWRCB for ap- water quality, are provided. Beneficial uses have histori-
proval, and are finally submitted to the Environmentalcally been classified under three categories: (1) fish and
Protection Agency for federal approval. Such plans be-wildlife, (2) agricultural, and (3) municipal and industrial.
come effective upon approval by SWRCB. Through this SWRCB addresses the protection of beneficial uses by
review and approval procedure, the plan becomes the offi-setting water quality objectives and standards for each of
cial federal and State water quality control plan. the categories at various points in the estuary. SWP facili-

ties must operate under the constraints of the standards
The federal Clean Water Bond Act was approved in 1970. set in its water rights permits.
This act provided funds to develop a water quality control
plan, or Basin Plan, for each of the 16 planning basins inCoordinated Operation Agreement. The CVP and the SWP
the state. The Basin Plans are prepared accordance    simultaneously use samein the channelsof theSacramento
with the requirements of California’s Porter-CologneRiver and the Delta to convey water, drawing upon a corn-
Water Quality Control Act and federal water pollution mon water supply in the Delta. The purpose of a coordi-
control laws and regulations, nated operation agreement (COA) is to assure that each

project obtains its share of water from the Delta and bears
Water Rights Protective Standards. In 1967 the water quality its share of obligations to protect other beneficial uses of
control and water right functions of the State werewater in the Delta and the Sacramento Valley. Coordi-
merged so that necessary interrelationships betweennated operation by agreed-upon criteria can increase the
water quality and availability of unappropriated waterefficiency of both projects.

On May 20, 1985, both agencies agreed to a COA de-
couldbeconsideredtogetherbya singleStateagency.

The water quality control plans and the water right deci- signed to increase the efficient use of existing water sup-
sions adopted by the SWRCB for the Delta represent aplies by defining a sharing process for the SWP and the
unified effort by SWRCB to develop under its full author- CVP to meet in-basin use and The for-exports. sharing
ity water quality objectives and standards to protect bene-mula provides for CVP/SWP proportionate splits of 75/25
ficial uses of Delta water supplies, recognizing the respec-responsibility for meeting in-basin use from stored water
tire rights of all users to such supplies, releases and 55/45 for capture and export of excess flow.

SWRCB has issued water right permits to DWR and The agreement also requires both DWR and Reclamation
Reclamation to allow those agencies to withdraw water to meet a set of protective criteria for flow standards,
from the Delta and export it to areas of need. In issuingwater quality standards, and export restrictions taken
the permit, the Board must reconcile, according to thefrom SWRCB Water Rights Decision 1485. The projects
California Water Code, the withdrawal of water and the are not to be operated to meet predetermined yields, but

9

C--041 258
C-041258



I
Table 1-2

Potential Permits

Agency 1 Permit Description 1
Permit Conditions

Corps of Engineers (in Dredging Permit (Section 404, Required for any proposal to locate a structure, excavate, or discharge dredged
coordination with U.S. Clean Water Act) Navigation or fill material into waters of the United States or to transport dredged material
Fish and Wildlife ServicePermit (Sectionl0, Rivers and for the purpose of dumping it into ocean waters. Required for any proposal to di-
and Environmental Harbors Act vert or alter navigable waters in the United States, including wetlands.
Protection Agency)

Department of Fish Navigation Dredging Permit Required for any proposal to use suction or vacuum dredging equipment in
and Game any fiver, stream, or lake designated as open.

Stream or Lakebed Required for any activity that will change the natural state of any fiver, stream, or
Alteration Agreement lake in California.

Caltrans Encroachment Permit Required for any proposal to do work or place an encroachment on or
near a State highway or proposal to develop and maintain access to or from
any State highway.

Utility Encroachment Required for work done by public utility companies providing services, such
Permit as gas, electricity, telephone, for most work within the right of way of a

State highway.

The Reclamation Encroachment Permit Required for any activity along or near the banks of the Sacramento and
Board San Joaquin rivers or their tributaries. The Reclamation Board also issues

encroachment permits for activity on any "designated floodway" or flood
control plan adopted by the Legislature or the Board within the Central
Valley.

Air Pollution Control Authority to Construct Required for any proposal to construct, modify, or operate a facility or
District equipment that may emit pollutants from a stationary source into the

atmosphere.

Permit to Operate Required for any proposal to operate equipment that emits pollutants into
the atmosphere. A Permit to Operate must be obtained from the Air Pol-
lution Control District (APCD) for the area in which the equipment is
located. The project sponsor may apply for the permit only after obtaining
an Authority to Construct from the APCD and completing lhe construction
or modification according to the terms of the Authority to Construct.

State Water Resources Permit to Appropriate Water Required for proposal to divert water from a surface stream or other body of water
Control Board, Division for use on nonriparian land or any proposal to store unappropriated surface water
of Water Rights seasonally.

Department of Water Approval of Plans and Specifica-Required for any proposal to constrict or enlarge a dam or reservoir.
Resources, Division of tions and Certificate of Approval
Safety of Dams
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rather to first meet the needs in the areas of origin~ tnclud=of the United States, and establishes a permit program to
hag the protective criteria. Only then is water exportedensure that such discharge complies with environmental
from the Delta. The new protective criteria at 15 addi- requirements. The Section 404 program is administered
tional stations add to Reclamation’s water quality require-at the federal level by the Corps and the U.S. Environ-
ments known as Tracy standards. During normal water-mental Protection Agency (EPA). Activities regulated by
supply conditions, the agreement requires about 5 MAFSection 404 include port development; channel construc-
of Delta outflow to meet the environmental and water tion and maintenance; and water resources projects such

quality protective needs of the Delta. as dams and levees.

of Current hydraulic conditions in the Delta channels limitInaddition,the agreementaddresseseachparty’suse
the other’s facilities for exchanges, conveyance, and pur-monthly maximum SWP exports. Export level is also lim-

chases of water. Section 10 (h) of the agreement providesited by Corps’ constraints, which are set forth in Corps

that DWR and Reclamation promptly negotiate a con-Public Notice 5820A, Amended, issued October 1, 1981.

tract for 1) the SWP to wheel water for the CVP on the Each SDWMP alternative consists of channel enlarge-

basis of equal priority of SW~’ long-term contractors, andment, Forebay modification, including construction of a

2) for Reclamation to sell interim CVP water to the State new intake to Clifton Court Forebay, and obtaining a

with a priority similar to that of long-term CVP contrac- Corps permit to allow the pumping capacity of the Banks

tots. To satisfy the protective requirements of DecisionPumping Plant to be increased up to 10,300 cfs. An appli-

1485, the agreement provides for conveyance (wheeling)cation will be filed to obtain proper permits from the

of CVP water through the California Aqueduct to the San Corps after the EIR/EIS is circulated for public review.

Luis Reservoir to make up for CVP losses from curtail- Section 401 of the Clean Water Act requires any project
ment of pumping during the striped bass spawning period,with potential impact on water quality to obtain a certifi-
The agreement also adds protection for the CVP by assur-cate that it will not violate State water quality standards.
ing wheeling priority during periods of CVP and SWPDWR is planning to file documentation with the SWRCB
scheduled and unscheduled maintenance, to obtain 401 certification for the SDWMP.

Delta Flood Protection Act. This Act of 1988 creates the In addition, numerous other State and local regulations
Delta Flood Protection Fund, which establishes Legisla-also apply. Table 1-2 lists permits that will be considered
tive intent to make $12 million a year available for 10 the andduring planningprocess specifiesconditionsand
years for flood protection in the Delta. The act makes permitting agencies. Some will apply to this program and
available $6 million annually for local assistance under theothers will not. Permitting agencies will participate in de-
Delta Levee Maintenance Subventions Program. The re- veloping environmental documentation to comply with
maining $6 million is for special flood control projects forCEQA and NEPA.
eight western Delta islands and the towns of Walnut
Grove and Thornton. Several federal laws apply to most permits issued by agen-

cies of the United States, including the Corps. Some that
The Delta Flood Protection Act also requires investiga-have not been discussed include the Endangered Species
tion of other flood control measures, such as provisions toAct and the Fish and Wildlife Coordination Act. These
acquire up to along to laws also play an important part in the development andeasements 400 feet wide levees
minimize tillage and to modify land management prac-operation of water projects.
tices. DWR is directed to seek appropriate cost-sharing
for flood control plans. Provisions for protection of fish The Endangered Species Acts (federal and State) are de-
and wildlife habitat, as determined by the DFG, are to besigned to conserve ecosystems essential to endangered
included in these plans. The Delta Master Recreationand threatened species and promote conservation of such
Plan also needs to be considered in this planning effort,species. The acts include animals, fish, insects (other than

pests), and plants. An endangered species is one in dan-
Regulatory Permits. The United States Congress enacted ger of extinction in all or a significant portion of its range;
the Clean Water Act to "... Restore and Maintain the a threatened species is one likely to become endangered.
Chemical, Physical, and Biological Integrity of the Na-The acts protect endangered species through three major
tion’s Waters. Section 404 of the Clean Water Act regu- mechanisms: (1) listing of endangered or threatened spe-
lares the discharge of dredged and fill material into waterscies, (2) agency consultation and protection responsibili-
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ties, and (3) a prohibition of takings of endangered spe-̄ a mid-water trawl program to index the number of
cies. One of the major strategies of the acts is to preserve striped bass during the fall and winter of their first
habitat that is critical to the survival of an endangered or year;
threatened species. Any water project that requires a per- ¯ a mark-recapture program to develop estimates of
mit from the Corps would trigger the requirements of the the numbers of adult striped bass by sex and age; and
Endangered Species Acts, if it were found to endanger a
listed species or its critical habitat. ¯ a study of the numbers of striped bass egg and larvae

entrained into Clifton Court Forebay.
The Fish and Wildlife Coordination Act and related acts ex- Water Quality Studies. These studies consist of monitoring
press the will of Congress to protect the quality of theprograms, mathematical modeling efforts, and special
aquatic environment as it affects the conservation, ira-studies focusing on food relationships in the San Fran-
provement, and enjoyment of fish and wildlife resources,cisco Bay/Delta. Some current studies include:
Under this act, any federal agency that proposes to con-
trol or modify any body of water, or to issue a permit¯ a routine sampling program for zooplankton and
therefor, must first consult with the U. S. Fish and Wild- Neomysis; and
life Service, the National Marine Fisheries Service, and̄ the development and refinement of a mathematical
the California DFG. The Corps’ informal practice is to model of phytoplankton dynamics in the Delta.
refrain from acting on a permit until the applicant and the
fish and wildlife agencies have attempted to identify ap-San Francisco Outflow Study. This is a study designed to

characterize the aquatic biota and circulation patterns inpropriatemitigationmeasures.
San Francisco Bay. The data are being used in analyzing

lnteragency Ecological Studies the impact of the timing, duration, and magnitude of
fresh-water flows on San Francisco Bay. Activities in-

In addition to the Delta protective measures discussedclude:
previously, an Interagency Ecological Study Program was̄ a monthly tow net sampling program to sample the
created in 1970 to determine the effects of SWP and CVP temporal and spatial distribution of various species in
operations on the Bay/Delta ecological system and to find the Bay;
a means of eliminating, reducing, or mitigating any ad-
verse impacts.The program is being conducted by DFG,̄ a study to analyze the correlations between fresh
DWR, the U. S. Fish and Wildlife Service (USF&WS), water inflows and salinity at various locations in San
Reclamation, the U. S. Geological Survey (USGS), and Francisco Bay;
SWRCB. Ecological studies are an integral part of the¯ field programs to collect velocity, salinity, tempera-
mitigation needed for the estuary. In order to have an un- ture, water level, and wind data. These data will be
derstanding of the best actions to be taken, continuous used to calibrate and verify models of the hydrody-
funding is provided. Under the terms of an Interagency namics of San Francisco Bay; and
Memorandumof Agreementexecutedon July 13, 1970,

a monitoring program designed to identify seleniumthe agencies have agreed to jointly pursue activities that
sources and sinks in the San Francisco Bay-Delta.will provide the ecological studies necessary for a thor-

ough understanding of the San Francisco Bay-Delta estu-Fish Facilities and Related Studies. These studies evaluate
ary. The program is divided into several parts: sources of fish losses at the Skinner Fish Protective Facil-

ity, Clifton Court Forebay, and other SWP facilities in the
Fish Studies. These studies provide information on theDelta. The data are used to develop measures to reduce
fisheries resources in the San Francisco Bay-Delta area.losses. Current activities include:
The primary focus of the studies have been striped bass
and salmon. The current programs include: ¯ an evaluation of the Skinner Fish Facility operational

criteria;
¯ an annual egg and larvae survey to index numbers,̄ evaluations of predation losses of striped bass and

growth, and survival of the striped bass spawn; chinook salmon m Clifton Court Forebay; and

¯ a summer tow net program to index the number of¯ workwith DWR to develop new Delta fish protection
striped bass in the Delta-Suisun Bay area when the facilities as needed, such as for the North Bay Aque-
average size is 1.5 inches; duct

12

C--041 261
C-041261



Otl~er Studies $15 million to initiate a program which will yield "quickly
demonstrated results" for the fisheries resource. This

Studies other than those under the direction of the Inte-sum will be expended over a minimum five-year span to a
ragency Ecological Study Program include: ten-year span, beginning onmaximum December30,

1986.

D-1485 Water Quality Monitoring Program. DWR regu- The Banks Pumping Plant Fish Agreement also led to for-

larly conducts a compliance monitoring program to en-mation of the Article VII Discussion Group, which is

sure that the protective standards in Water Rights Deci-charged to develop methods to offset fisheries impacts not
sion 1485 are met. DWR has collected data using thiscovered in the agreement, including new facilities and

program since 1974. This has also provided important in-more efficient methods of water conveyance.

formation for environmental assessment and understand-Salmon Management Planning Team. This task force was
ing. The program has three components: voluntarily established by DWR, DFG, USF&WS, Recla-

¯ Bay/Delta Compliance,- A surface water quality mation, and the National Marine Fisheries Service during

monitoring program that includes the discrete sam-Phase I of the SWRCB Bay-Delta Hearings to design an

of series of and overall salmon management plan for the Central Valley.piing physical,biological,mineral,
chemical parameters. Approximately 30 stations areThe group has been subdivided into three subcommittees,
sampled once a month. If the Delta Outflow Index at based on geographic areas. They are:

Chipps Island is projected to fall below 10,000 cfs, the SacramentoRiver SalmonCommittee Thiscom-
sampling rate is increased to a biweekly schedule. On mittee is charged with evaluating the upstream ira-
the alternating week of the discrete program, a con- pacts on salmon smolts before reaching the Delta.
tinuous monitoring run is made with a boat carrying Some of the current activities include:
flow-through water quality equipment. The data are
recorded on a strip chart at the rate of one instantane- - completion of a salmon model to evaluate the im-
ous reading per minute per parameter, pact of various environmental factors on the ocean

salmon population;
¯ Continuous Multiparameter Network - A surface

water quality continuous monitoring program at six - evaluation of the benefits of a variety of projects
fixed sites in the Delta. Approximately 10 parameters that might result in enhanced production and survival
are monitored at each site. Also, continuous monitor- of salmon in the upper Sacramento River and tribu-
ing of electrical conductivity is required at nine sites, taries.

¯ Suisun Marsh Monitoring Plan - This program is de-¯ Delta SalmonCommittee Thiscommitteeiseva-
signed to meet the monitoring requirements of luating the impacts on salmon smoltswhen theyarein

D-1485 and Bay Conservation and Development the Delta. Some of the current activities include:

- studies examining the relationship between survivalCommittee’sPermit 35-78. The datageneratedby
this program include continuous electrical conductiv- of smolts and such factors as water temperature, flow,
ity, water stage data collected at seven channel sta- export pumping, reverse flows, and water diverted
tions, and soil salinity information from an electrical through the cross-channel;
conductivity network at 18 diversion points in the
marsh. The purpose of this program is to examine the - studies examining the relationship between the sur-
relationship between the quality of the channel wa- vival rates of salmon smolts that migrate down the

ters and salinity of the soil to which it is applied. Sacramento River and the survival rates of those that
pass through the Central Delta by way of the Walnut

Banks Pumping Plant Mitigation Advisory Group. This is a Grove Cross Channel;
group formed to address various aspects of the ’~gree- - evaluation of operational and physical means of re-
merit Between the Department of Water Resources and
the Department of Fish and Game to Offset Direct Fish ducing losses of salmon smolts.

Lossesin Relation to the O. Banks Delta ¯ San River SalmonHarvey Pumping Joaquin Committee Thiscom-
Plant." Its two main charges are to oversee annual costs mittee is evaluating the impacts faced by the smolts as
and appropriate expenditure of the one-time payment of they move down the San Joaquin River before reach-
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[]
ing the Delta. Some of the current activities adjacent health. The objectives of the program include the devel- 1
to the Delta include: opment of data that will-

- a mark and recapture study designed to compare thē be used in planning for control and treatment of the 1
survival rates of those salmon smolts drawn down Old identified constituents by the State Water Contrac-
River to those salmon smotts drawn down the San tors;
Joaquin River at the Mossdale split. These data will

Ibe directly applicable in the evaluation of facilities in¯ evaluate the relative health benefits of various Delta

the south Delta; alternative facilities;

- development of a water operations model that
¯ support various mathematical modeling activities;

would incorporate such factors as water availability, and

offstream water storage, agricultural, industrial, and̄ support various water supply planning activities.
municipal uses. The model would be used to assess []
benefits impacts and conjunctive use options of water Central Valley Project History and Purpose
manipulations on salmon;

During the 1920s, a period of rapid growth in California, []
- development of recommendations for levels of Del- the State’s political leaders recognized a need for large-
ta inflow for various water year types that will be scale water resources development to meet growing
beneficial to smolt survival, needs for flood protection and water supply. In 1921, the

- evaluation of operational and physical means of re-Legislature authorized a statewide water resources inves-
1

ducing losses of salmon smolts, tigation, which 10 years later resulted in the State Water
Plan. The plan contemplated transferring "surplus" water

EPA San Francisco Bay Estuary Project. As part of the fed- between the northern and southern portions of the Cen- 1
eral Water Quality Act of 1987, the Environmental Pro- tral Valley in a State Central Valley Project. This project,

tection Agency established the National Estuary Programthe initial feature of the State Water Plan, was approved,
to improve and protect the resources of the nation’s estu-first by the Legislature and then by the voters of Califor- I
aries. Within this program, the San Francisco Estuarynia. However, due to the Great Depression, bonds to N-
Project (SFEP) addresses the specific needs of the Sannance the project could not be sold. Arrangements were
Francisco Bay/Delta area. SFEP objectives include: subsequently made for federal authorization and financ- 1

ing as the Central Valley Project (CVP).
¯ merging information about environmental and public

health with social and economic factors; The purposes authorized by Congress for which the CVP
may be operated are 1) improving navigation, 2) regulat- ¯

¯ providing the impetus for developing united and ef- ing river flows, 3) reclaiming arid and semi-arid lands, 4)
fective management of the Bay/Delta; controlling floods, 5) enhancing fish and wildlife, and 6)

other beneficial uses. Congress has also authorized and
1¯ developing a "Comprehensive Conservation anddirected Reclamation to operate the CVP, in conjunction

Management Plan" to restore and maintain thewith the SWP, in conformity with State water qualitystan-chemical, physical, and biological integrity of the Bay/dards for the Delta and San Francisco Bay, unless such iDelta; and standards differ from the congressional directives applica-
¯ developing a plan which addresses point and non-ble to the CVR

point sources of pollution, including a priority rating ¯
and a schedule of corrective actions. The Existing Central Valley Project

and Related Mitigation
To aid SFEP in reaching these objectives, a SFEP Techni- []
cal Advisory Committee was formed to provide technical The CVP, operated by Reclamation, consists of dams, res- |
expertise, ervoirs, and conveyance facilities in northern and central

California. CVP reservoir systems providing Delta export
Interagency Delta Health Aspects Monitoring Program. This supplies and augmenting low summer and fall flows to the 1
program was developed in 1983 to address aspects ofDelta are: the Shasta Division, the Trinity River Division, I

water quality in the Delta that were pertinent to public    and the Folsom Unit of the American River Division. The

I
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CV-P exports about 3.4 MAF of water annually the developedfrom The CVP has facilities for mitigationof fish
southern Delta at the Traey Pumping Plant, at the head oflosses caused by the project. At Keswick Dam, down-
the Delta-Mendota Canal, 2 miles east of the Banksstream of Shasta Dam, salmon and steelhead are trapped
Pumping Plant. and transported to Coleman Fish Hatchery. Farther

downstream, at Red Bluff Diversion Dam, fish ladders on

Major facilities of the CVP are shown in Figure 1-3. each side and in the center of the dam allow salmon and

Thesefacilitiespfimarilyregulate, store, or divert flows ofsteelhead to migrate upstream. Improvements are

the Trinity, Sacramento, American, Stanislaus, and Sanplanned for these facilities.

Joaquin rivers, all of which are tributary (by way of a diver-
sion tunnel for the Trinity) to the Delta. The CVP pumps

The Trinity River portion of the CVP has a fish hatchery

water from the Delta and exports it to the San Joaquinbelow Lewiston Dam. The hatchery is being modified and

Valley via the Delta-Mendota and San Luis canals, to
modernized to better meet mitigation requirements. The

Santa Clara and San Benito counties via the San Felipe
fish ponds and water lines are being replaced and the

facilities, and to Contra Costa County via the Contrawater supply will be increased to 2.5 times its present

Costa Canal. The CVP also ~tiverts and delivers water up- quantity. In addition to the hatchery, the spawning beds

stream from the Delta with facilities that include the downstream of the dam are being improved. Agreement
has been reached to increase the flows in the Trinity River

Tehama-Colusa,Coming,andFolsomSouthcanals.Wa-
ter is delivered from Millerton Lake via the Madera and

from 120,000 AF to between 287,000 and 340,000 AF per

Friant-Kern canals, year. This increased flow is for fish habitat.

The Nimbus Fish Hatchery, downstream of Folsom Dam,
The Contra Costa Canal, the first unit of the CVP, was was built to mitigate the spawning loss due to the dam.
completed in 1940. It conveys Delta water to Contra Cos-
ta In 1944, Shasta Dam and reservoir was corn- Another fish mitigation measure of the CVP is the TracyCounty.
pleted as a key feature of the CVI~, adding water to Delta Fish Collecting Facility. This facility helps prevent fish
channels during naturally dry periods, from entering the Delta-Mendota Canal. The facility has

a louvered fish screen that channels the fish into holding
tanks. The fish are then trucked and released in otherIn 1951, the Delta Mendota Canal became operational to

deliver water from the Delta to the lower San Joaquinparts of the Delta.

Valley. During that same year, the Delta Cross ChannelCentral Valley Project Supplies
was constructed near Walnut Grove in the north Delta to
improve flow patterns for water transfer across the Delta. Within its current contracts, the CVP is meeting a 1985

demand of 7.0 MAF. With no new contracts or new facili-
The latest feature of the CVP, the San Felipe Division,ties, these contracts will build up to a demand of 7.8 MAF
was completed in 1987. It delivers water from San Luisby year 2010. In addition to current contracts, Reclama-
Reservoir to Santa Clara and San Benito counties. Abouttion has conducted a needs analysis for the CVP service
60 percent of the water delivered to Santa Clara Countyareas and has identified a further need for 3 to 4 MAF.
will be used to recharge the groundwater basin. Nearly allEstimates of uncommitted CVP water supplies are less
the water sent to San Benito County will be used to re-than half this need for water.
place boron-contaminated ground water and to bring ag-
ricultural land into production. The project will not in-The magnitude of the CVP’s projected water supply capa-
crease Delta exports, because water allocated to Sanbility depends on reuse of initial deliveries. For example,
Felipe Division was previously used for irrigation in theafter northern California growers use CVP water to irri-
San Joaquin Valley. gate their crops, excess water is returned to the Sacramen-

to River and counted again as project yield available for
In 1988, Reclamation issued a draft EIS proposed or meeting requirements.for rediversion for Delta outflow

water contracting programs. The proposed plan would al-Thus, if expansion of CVP water use in the Delta’s up-
locate about 1.5 MAF of firm and intermittent water per stream service areas were not to occur as projected, or if

to meet the needs of municipalities, industries, wild-improved irrigation efficiency reduced the volume of re-year
life refuges, and agriculture in the Sacramento River,turn flows, the CVP water delivery potential could be low-
American River, and Delta export service areas, er than anticipated.
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I
State Water Project History and Purpose ing the Project’s initial facilities) in 1959, approval of the

California Water Resources Development Bond Act in
As the growth of California accelerated, particularly after 1960, the beginning of construction of Oroville Dam in
World War II, State officials perceived a need for a water 1962, and the initial operation of the California Aqueduct
resources development system of far greater extent thanin 1968.
was encompassed by the federal Central Valley Project.

By 1951, State water planners outlined the fundamentalThe major facilities of the SWP, constructed mainly in the
elements of what would become the State Water Project 1960s and early 1970s, are shown in Figure 1-3. Surplus
(SWP). Some important milestones in development ofwater from the Feather River watershed and the Sacra-
the SWP were passage of the Burns-Porter Act (authoriz- mento-San Joaquin River Delta is captured and conveyed

Figure 1-3. Major Features of the SWP and CVP I

I
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i

California Aqueduct near Stockton in the Sacramento-San Joaquin Delta

to areas of need in the San Francisco Bay area, the Santo burn fossil fuels and reduces pollution. Some 3 million
Joaquin Valley, and Southern California. kwh are generated each year. Tables 1-3 and 1-4 summa-

rize the benefits through 1987.
Thirty agencies throughout the State have contracted to
eventually receive 4.23 MAF of water a year, to be deliv- The California Aqueduct begins at the Banks Pumping

ered as their needs develop. The existing facilities canPlant and extends 444 miles. It is the principal conveyance

supply about 2.3 MAF, enough to meet present needs,facility of the overall project, which now includes 22 dams

Additional facilities are planned to increase the supply, and reservoirs, 8 hydroelectric power plants, and 17
pumping plants. Except for the Banks and Pearblossom

Besides contractual obligations and agreements for waterpumping plants, all pumping plants along the California

supply, the SWP is required by law to provide salinity con-Aqueduct have the planned pumping units installed. Ad-
trol in the Delta. Recreation and fish and wildlife en- ditional pumps at both plants are scheduled for operation

hancement are also among the Project’s authorized pur-in 1991. The Burns-Porter Act also authorized unspeci-
poses, fled additional future storage facilities, facilities to trans-

fer water across the Sacramento-San Joaquin Delta, and
The Existing State Water Project facilities to remove drainage water from the San Joaquin

and Related Mitigation Valley.

As required by the California Water Resources Develop-
The SWP provides numerous benefits to the people ofment Bond Act, Water Code Section 12934(d)(2), the
California, including water supply, flood control, recrea-California Aqueduct system has a capacity of not less than
tion, and energy production, cfs all north of the northern of2,500 at points boundary

the County of Los Angeles in the Tehachapi Mountains
SWP recent entitlements and other deliveries havenear Quail Lake and a capacity of not less than 10,000 cfs
ranged from 2.0 to 3.0 MAF annually. In addition, the
SWP has provided flood control, recreation, and hydro-at all points north of San Luis Reservoir.

electric benefits. Oroville Dam has prevented millions of Lake Oroville, the main storage facility, is situated on the
dollars in flood damage. Recreational use continues to in-Feather River in Butte County. SWP facilities at Oroville
crease, including fishing in the California Aqueduct andare operated for flood control, power generation, in-
the various SWP reservoirs. Today’s annual recreationstream fisheries, along with water supply for local areas,
user days exceed 7 million. Hydroelectric power genera- the Delta, and export. Three upstream reservoirs on the
tion at SWP pumping-generating plants offsets the needheadwaters of the Feather River are operated for local
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!
water supply, recreation, and instream fisheries. WaterDelta. Releases from the Oroville facilities contribute to
released for fish and the other purposes, together with Jr-Delta uses, Delta salinity control, and export needs out of
rigation return flows, goes down the Feather and Sacra-the Delta. []
mento rivers and then into the network of channels in the

!
Table 1-3

SWP Accomplishments Through 1987

Water Delivered (AF)

Entitlement Water Other Deliveries

Surplus

Municipal & Agricultural Municipal & Other Total l
Year Industrial Use Use Total Industrial Agricultural Water Delivery

(1) (2) (3) (4) (5) (6) (7)

1962 18,289 18,289 1
1963 22,456 22,456
1964 32,507 32,507
1965 44,105 44,105 ¯
1966 67,928 67,928

1967 5,747 5,791 11,538 0 0 53,605 65,143 1
1968 46,472 125,237 171,709 10,000 111,534 14,777 308,020 ¯
1969 34,434 158,586 193,020 0 72,397 18,829 284,246
1970 47,996 185,997 233,993 0 133,024 38,080 405,097
1971 85,286 272,054 357,340 2,400 293,619 44,127 697,486

1972 181,066 430,735 611,801 22,205 401,759 73,127 1,108,892
1973 293,824 400,564 694,388 3,161 293,255 43,666 1,034,470 1
1974 418,521 455,556 874,077 4,753 412,923 48,342 1,340,095
1975 641,621 582,369 1,223,990 21,043 601,859 67,170 1,914,062
1976 818,588 554,414 1,373,002 32,488 547,622 116,962 2,070,074               1

1977 280,919 293,236 574,155 0 0 390,176 964,331
1978 742,385 710,314 1,452,699 3,566 13,348 122,916 1,592,529 ¯
1979 690,659 969,237 1,659,.896 .. 66,081 582,308 189,396 2,497,681 |
1980 730,545 799,204 1,529,749 19,722 384,835 48,590 1,982,896
1981 1,057,273 852,289 1,909,562 12,000 896,428 283,849 3,101,839

1982 928,721 821,303 1,750,024 0 215,873 155,820 2,121,717
1983 483,499 701,370 1,184,869 0 13,019 188,596 1,386,484
1984 725,925 862,694 1,588,619 3,663 259,254 387,505 2,239,041 1
1985 992,538 1,002,915 1,995,453 9,638 298,034 408,904 2,712,029
1986 998,611 997,025 1,995,636 2,595 34,025 197,471 2,229,727
1987 1,096,368 1,033,718 2,130,086 6,949 107,958 385,264 2,630,257

i

Total 11,300,998 12,214,608 23,515,606 220,264 5,673,074 3,462,457 32,871,401
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Salinity incursion into the Delta results from the flooding
Table 1-4 and ebbing ocean through Bayof tides the SanFrancisco

Recreation and Hydroelectric Accomplishments and Delta system during periods when the fresh-water
Through 1987 outflow from the Delta is insufficient to repel the saline

water. The natural fresh water outflow from the Central
Recreation Hydroelectric Energy Valley was historically inadequate to repel salinity during
Supported Generated summer months of some years. The maximum recorded

Year (Recreation Days) , (kilowatthours) extent of salinity incursion happened in 1931, when ocean
salts reached Stockton (Figure 1-4). With the develop-

1962 30,000 ment of the SWP and CVE water quality standards have
1963 105,000 been adopted to protect Delta uses from excessive salinity
1964 331,600 intrusion.
1965 449,800
1966 482,700

Additional SWP storage is provided by the federal-State
1967 455,200 San Luis Reservoir in Merced County, a transportation fa-
1968 931,300 628,000,000 cility reservoir in Alameda County serving the South San

Francisco Bay area, and four transportation facility reser-1969 1,554,800 2,614,000,000
1970 1,804,800 2,679,000,000 voirs in Southern California. Water diverted from the1971 2,085,900 3,302,000,000. Delta at the Banks and Tracy plants is pumped into San

Luis Reservoir during winter and early spring for release1972 1,971,200 1,922,000,000
1973 2,502,000 3,298,000,000 to the aqueducts during summer and fall.

1974 4,073,600 4,672,000,000
1975 4,189,300 3,159,000,000
1976 4,239,600 2,131,000,000 Near the northern edge of the Delta, the North Bay

Aqueduct delivers water to Napa and Solano counties.
1977 3,951,900 958,000,000 The aqueduct begins at Barker Slough south of Dixon and
1978 5,773,700 2,882,000,000 ends at the Napa Turnout Reservoir for use in Napa
1979 5,298,700 2,485,000,000 County. Along the way, water is delivered to Solano
1980 5,701,900 2,988,000,000 County users in Fairfield, Vallejo, and Benicia.
1981 6,017,800 3,358,000,000

1982 6,187,700 5,097,000,000 At the southern edge of the Delta, 15 miles southwest of
1983 5,838,200 5,419,000,000 Stockton, are Clifton Court Forebay, the John E. Skinner
1984 6,273,100 3,368,000,000 Delta Fish Protective Facility, Harvey O. Banks Delta
1985 6,639,800 3,227,000,000 Pumping Plant, and the intake channel to the pumping

plant. Forebay, has a capacity of1986 6,966,039 3,706,000,000 Clifton Court which
1987 7,228,815 2,707,000,000 28,653 AF serves as a regulating reservoir. It ensures reli-

ability and flexibility for pumping water at Banks Pumping
Total 91,084,454 60,600,000,000 Plant.
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¯ The fall run of salmon has increased from a
preproject average of about 39,000 to about 49,000.
The spring run has declined from a pre-proiect aver-
age of about 1,700 to an average of about 1,150. The
steelhead run has decreased from a pre-project aver-
age of 600 to about 500. Approval and funds have
been obtained to construct two additional salmon-
rearing raceways to help overcome the threat of cold-
water virus. These raceways should double the sur-
vival rate of young salmon. DFG is using the Oroville
borrow areas, the source of material for construction
of Oroville Dam, to enhance fish and wildlife.

¯ Wildlife habitat losses at San Luis Reservoir have
been mitigated by purchase of an additional 900 acres.
A fishery has also been established in the reservoir,
enhancing this resource.

The 398-acre Kettleman City Recreation Area has
Clifton Court Forebay with Intake Channel and been established on the California Aqueduct about

Fish Facilities in Foreground 50 miles south of Fresno. Part of this area is for wild-
life enhancement and a pond was built for fishery en-
hancement.

Currently, seven pumps at Banks Pumping Plant (four ad-
ditional under lift much    ¯ The fisheries established along the length of the Cali-pumpsare construction) as as
6,400 cfs in the California Aqueduct. The South Bay fornia Aqueduct and in the four Southern California
Aqueduct branches at this point and delivers water to reservoirs provide recreational use and associated
Alameda and Santa Clara counties. The 444-mile Cali- benefits.
fornia Aqueduct conveys water to the San Joaquin Valleȳ Wildlife habitat loss in the Southern California pot-
and Southern California. tion of the project is being mitigated in two parts. To

mitigate for wildlife habitat loss on U. S. Forest Serv-
At the northern base of the Tehachapi Mountains, the ice land, DWR has agreed to purchase 1,500 acres of
A.D. Edmonston Pumping Plant lifts California Aque- suitable lands for wildlife. These lands will be turned
duct water nearly 2,000 feet. The water then crosses the over to the Forest Service, along with a specified
mountains through a series of four tunnels. South of the
Tehachapi Mountains, the aqueduct divides. The West
Branch transports most of the water through Pyramid
Lake to Castaic Lake, northwest of Los Angeles; the East
Branch delivers water to the Antelope Valley and termi-
nates at Lake Pen:is, in Riverside County.

Past and present fish and wildlife mitigation and enhance-
ment for SWP facilities north and south of the Delta are
summarized below.

¯ The Feather River Fish Hatchery was built to miti-
gate the loss of salmon and steelhead spawning beds
resulting from construction of Oroville Dam. The
hatchery can accommodate 9,000 adult salmon and
2,000 adult steelheiad. In 1986, thishatcheryprovided
9,654,000 salmon and 1,379,000 steelhead for planting John E. Skinner Fish Facilities at the Head of Intake
or transfer to other hatcheries. Channel Adjacent to Highway J-4
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amount of funding for habitat development and op-percent in any one year or a total of 100 percent of yearly
eration. The total cost is estimated to be $1.1 million,annual entitlements in any seven consecutive years, ff
Another agreement, with. DFG, allocates 3,033 acresnecessary, further reductions will be made to all deliver-
of SWP lands for wildlife mitigation, and Metropoli- ies, regardless of use, and the reduction will be in propor-
tan Water District of Southern California has dedi- tion to the entitlement.
cated 2,565 acres at Lake Mathews for wildlife mitiga-
tion. DWR will also allocate $7 million of SWP funds The annual entitlements and the maximum annual entitl-

and $1 million in other funds to DFG to develop, op-ements of all contractors will be reduced proportionately

erate, and maintain the wildlife habitat. Some ofunder the following specific conditions:

thesefundsmay be used to purchase lands in the San¯ The State is unable to build enough additional con-
Jacinto Valley for wildlife mitigation, servation facilities to prevent a reduction in minimum

’ yield.
State Water Project Supply Contracts. DWR has long-term
water supply contracts to deliver specified annual̄ There is a reduction in the minimum project yield for
amounts of water to each of 30 contracting agencies, any other reason. In both cases, preventive or reme-
These contractors are in the Feather River Basin, Bay dial measures by DWR will be considered before the
area, San Joaquin Valley, central coastal area, and South- shortage is applied. If a shortage is applied, the sum
ern California. The maximum annual entitlements for all of the revised maximum annual entitlements of all
contractors total about 4.2 MAE This represents the contractors will equal the reduced minimum proiect
maximum water that would be delivered by the State to its yield.
contractors under full contract conditions. To deliver thisState Water Project Operation
maximum amount of water would require the full capacity
of 10,300 cfs at the Banks Pumping Plant, as well as otherOperation of the State Water Project is governed by physi-
future water development features, cal and institutional constraints. Physical factors limiting

SWP operations include:
Water contracts establish annual entitlements and proce-
dures for allocating deficiencies, surplus water deliveries,̄ available water supply, SWP demands, and delivery

and payment. In general, the annual entitlements follow capabilities
buildup schedules, increasing each year until the maxi-̄ power operations
mum annual entitlement is reached. A contracting
agency may request that project water be made availablē hydraulic constraints and Banks Pumping Plant ca-

in annual amounts greater or less than scheduled annual pacity

entitlements, but not greater than its maximum annual̄ water conservation and water management plans
entitlement. Subject to approval by the State, the water
delivery schedule is adjusted to the extent necessary toThese governing factors are discussed in the following

satisfy the request, sections. Other institutional constraints were discussed in
the Related Delta Protective Measures section.

If, during any year, the supply of project water exceeds theAvailable Water Supply, .State Water Project Demands, and
total requested water deliveries for annual entitlementsDelivery Capabilities. Availability of water supplies at the
of all contractors and necessary carryover storage for that Delta varies with natural conditions and upstream devel-
year, the State can sell and deliver such water as surplusopment. Natural hydrologic variations cause extreme
water. Requests for surplus water have a lower priority fluctuations in monthly and yearly inflows. Winter floods
than entitlement requests, produce Delta flow rates of several hundred thousand cfs,

while summer conditions can decrease rates to a few thou-
A temporary shortage of water supplies can occur in any sand cfs. The total annual volume of inflow can also vary
year when a drought or other condition reduces projectsubstantially. Unimpaired annual volumes range from
water available to less than the total requests for annualless than 7 MAF in critical years to more than 70 million in
entitlements of all contractors for that year. In such an wet years.
event, the State Water Project would be operated to re-
duce deliveries of that year’s annual entitlement used forUpstream development has occurred from both local and
agricultural purposes by a percentage not to exceed 50project facilities. Use within the local area has priority
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over project use through area of origin laws; therefore, lo-Short-range decisions for the operation of SWP facilities
cal development will directly decrease project supplies asare made with an annual "rule curve." The rule curve
it occurs. By 2000, existing project firm yield supplies areprovides a rational means to decide how much water may
projected to decrease by 300,000 AF. be delivered in a given and how much should be leftUpstreamdevelop- year
ment will contribute to future shortages if proper solu- in storage as insurance to protect against subsequent dry
tions are not found. However; other factors in the service periods. Until recently, the procedure used to develop
areas will also add to the frequency and severity of suchthe annual rule curve was designed to assure a high prob-
shortages. Even with extensive planned conservation ef-ability of meeting future delivery schedules. This resulted
forts, urban water demands will increase, primarily be-in relatively high fall storage target levels for Lake
cause of population increases. This is further complicatedOroville and the State portion of San Luis Reservoir, and
by the fact that a portion of Colorado River supplies usedquite often delayed approval of water delivery requests
by southern California for many years will be diverted tountil late in the water-producing season.
Arizona.

As the contractors’ annual requests for entitlement water
continued to rise, DWR became increasingly aware thatDependable water supplies’from SWP facilities are now alternative rule curve procedures could permit larger de-

about 2.3 MAF per year. About half this water comes liveries in average or wet years without substantially re-
from Lake Oroville on the Feather River; the rest is de- ducing delivery capability during dry years. With the con-
veloped from surplus flows in the Delta, some of which

currence of the SWP contractors, one such alternativeare re-regulated in San Luis Reservoir. rule curve procedure was adopted, on a trialbasis, for use

The amount of surplus Delta water supplies is affected by in 1986. The 1986 rule curve procedure relaxed the re-

the volume of outflow required to meet water qualityquirements for fall carryover storage somewhat, permit-
standards in the Delta established by the SWRCB. Exist-ring larger deliveries in most types of years, but at the pos-
ing standards are specified in Decision 1485, adopted insible expense of reduced deliveries in the driest years.

1978 (see discussion under Related Delta ProtectiveThe modified rule curve permits approval of a reasonable

Measures). annual delivery early in the water-producing season with-
out jeopardizing the that wouldaveragedry-periodsupply

SWP contractors regularly make short-term and long-be available during a recurrence of the historic 1928-34
term projections for entitlement water use. These re-drought period.

Further study and information provided by the water con-questedentitlementsuppliesaredeliveredinaccordance
with SWP contracts, discussed earlier in this chapter,tractors led, in 1987, to a lower schedule of target storage,
DWR annually requests each long-term SWP contractor and in 1988 to a calculation of delivery by formula based
to prepare an estimate of near- and long-term SWP water
requirements. These projections form the basis for DWR

on carryover storage only.

In 1989, the rule curve was renamed the "’water dciiverywater planning and project operation studies in the up-
coming year. risk analysis" (WDRA); the "Four Basin Index, which is

the unimpaired runoff from streams entering the Sacra-
The measure of delivery capability for the SWP was mento Valley became the "Sacramento River Index"
founded on the concept of "firm yield" operation. De- (SRI); and "conservation storage" was interpreted to in-
fined as "minimum project yield" in SWP water contracts,clude: Lake the State’s1) Oroville,2) shareof SanLuis
firm yield is the dependable annual water supply that canReservoir, and 3) the balance owed to DWR by Reclama-
be made available without exceeding specified allowabletion under the COA.
reductions in deliveries to agriculture during extended dryThe 1989 WDRAusedthesamecriteriaasin1988for de-periods, velopment of the risk analysis curve, but the procedure for

Beginning in 1987, contractors requests for delivery of en-determining delivery approvals was changed. DeliveR, ap-
provals for 1989 were based on a forecast of the SRI, withtitlementwater exceededthe firm yieldof existingfacili-

ties. Recently, DWR has worked with the major contrac- a probability of exceedence of approximately 90 percent
tors to increase the SWP’s average annual deliveries,instead of 99 percent.

This is done by relaxing its minimum reservoir State Watercarryover Project Power Operations. DWRisoneof the
storage requirements to permit increased deliveries in alllargest publicly-owned electric systems in the United
but the driest years. States. Since April 1983, DWR has operated as a bulk
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power agency. As such, DWR operates a mix of owned, can be pumped from the south Delta without eroding the
contracted, and purchased power resources to meet SWPchannels and levees. Water levels in south Delta channels
needs via contracted transmission capacity. This requiresare sensitive to SWP and CVP diversions. The drawdown
that DWR maintain a reliable power system, effects are of concern to local agricultural diverters and

Due to DWR’s unique ability to control its pumping loads,have been studied as part of the discussions and negotia-

DWRwillalwaysbeamajorpurchaserandsellerofpowertions between the SDWA, Reclamation, and DWR.

in the west. Managing its water and power resources willWater supply and quality issues in the south Delta are dis-

result in lowering the cost of delivered water to the watercussed at the beginning of this chapter.

contractors. Banks Pumping Plant and Clifton Court Forebay play a
In addition to energy requirements, DWR must considerkey operational role because they are at the head of the
electrical capacity requirements--the maximum demandsaqueduct system.
for electrical power during given periods of time. SinceThe physical capability of the Banks Pumping Plant will
DWR has flexibility in regulating SWP electrical power increase from 6,400 to 10,300 cfs with the four additional
load, the project is operated, to minimize pumping re-pumps now under construction. However, the maximum
quirements during on-peak periods, when capacity andmonthly export rate will probably be less than 10,300 cfs
energy costs are greatest. Thus, SWP maximum electricalbecause of hydraulic constraints. DWR estimates the
capacity requirements occur during off-peak periodsmaximum average monthly rate with these constraints to
(nights, weekends, and holidays), be about 6,680 cfs and 7,300 cfs in some winter months
SWP power requirements can vary significantly, depend-when San Joaquin River flows are high. The estimated
ing on the balance of water supply and water demand in ayield increase of the four additional pumps with the 7,300
given year. Dry conditions in northern California reducecfs maximum is 57,000 AF per year. This is an increase in
the supply of water available for delivery and decreaseyield of less than 3 percent over the existing project capa-
power requirements if the SWP cannot deliver full enti- bility.
tlement requests. Power requirements also decrease if
hydrologic conditions or actions by local water agenciesImplementing south Delta facilities would eliminate the

reduce demands in the San Joaquin Valley or Southernphysical constraints, allowing the Banks Pumping Plant to

California. pump at its maximum capacity of 10,300 cfs. The added
pumping capability would allow for winter water banking

Hydraulic Constraints and Banks Pumping Plant Capacity. operations.
Hydraulic constraints can limit monthly maximum exports
of the SWE The constraints are related to: Water Conservation and Water Management Plans. Since

the 1976-1977 drought, California’s push toward water
¯ volume of Clifton Court Forebay conservation has focused on plans and programs, to en-

¯ forebay inlet gate size and location courage more efficient use of water. DWR, and most re-
cently, local governments are actively conducting re-

¯ capacity of southern Delta channels search, education, and implementation programs to
reduce agricultural and urban water use. Water conserva-

¯ flows in the San Joaquin River tion and demand reduction alternatives are discussed in

¯ tidal fluctuations at the inlet gate Chapter 3.

Efficient use of water supplies in California is an eco-Clifton Court Forebay storage enables a high use of off-
nomic and environmental necessity. It will be importantpeak power at the Banks Pumping Plant. Inflows to the

forebay are governed by tidal fluctuations, which averagefor water purveyors and State and local government to

3.7 feet daily. Five radial gates at the southeastern corneranalyze the cost effectiveness of water conservation

of the forebay are open during high tides and closed dur-measures and to implement those that are appropriate.

ing low tides. Operational procedures for the inlet gatesSince water conservation involves issues of technology,
consist of minimizing the drawdown effects of the diver- public awareness and acceptance, and research and edu-
sions at all tide levels, cation, cooperation is needed between the public and pri-
South Delta channels were not designed for project op-vate sectors, the urban and agricultural sectors, and State
erations; therefore, they limit the amount of water that and local governments.
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CHAPTER 2. PROJECT DESCRIPTION

This chapter describes the purposes and project compo-also designed to resolve local south Delta water supply
nents of the South Delta Water Management Programproblems.
(SDWMP). Alternative plans using the various compo-
nents discussed in this described in 3. NDWMP will 1) improve reverse flows and water qualitychapterare Chapter

conditions in the Delta by improving cross-Delta flows, 2)

Water Banking and South Delta provide additional yield for export, and 3) enhance the wa-

Water ter banking program.Management Program
DWR has carefully selected individual Delta water man-

In 1984, the State Legislature authorized Los Banosagement programs to provide independent utility. Each
Grandes (LBG) Reservoir as part of the State Water Re- achieve benefits and is economi-programcan significant
sources development system. LBG will provide storagecally justified by itself or in combination with the others.
necessary for water banking. The purpose of water bank- However, IBG Reservoir is dependent on the SDWMR
ins is to develop additional water supplies through conser-
vation of excess winter flows, improve water quaIity, and The EIR/EIS’s have been carefully organized into individ-
provide additional flexibility for the State Water Project ual reports guided by comprehensive statewide planning
(SWP). This additional flexibility could help protect andto improve the planning and decision-making process.
enhance fish and wildlife while providing additional waterThe use of coordinated individual reports was selected to
supplies to help meet future needs, provide added attention to program evaluation, as well as

flexibility in scheduling and program implementation. At
Water banking is the concept of moving water into storagethe same time, the interrelationships between each pro-
facilities south of the Delta during excess high-flow con- gram and their combined effects are addressed in detail by
ditions to enhance supplies. The improved hydraulics,statewide planning documents, cumulative impact evalu-
with a federal permit to increase diversions in the Delta,ations, comprehensive system operation studies, and Del-
proposed by the SDWMP, would permit storage of theseta estuary mitigation activities.
flows during the short period they are available.

Purposes
Storage facilities such as the Kern Water Bank (KWB)
ground water storage or the proposed LBG ReservoirThe purpose of the SDWMP is to develop mutually ac-
would provide the storage capacity for this banking opera- ceptable long-term solutions to the water supply prob-
tion. The operational flexibility to fill reservoirs south of lems currently experienced in the south Delta, while con-
the Delta during winter periods of low fish abundancesidering other objectives of the Department of V~tcrRe-
provides added supplies for use during drier periods,sources (DWR) and the U. S. Bureau of Reclamation
when Delta exports are not available. (Reclamation).

The SDWMP draft Environmental Impact Report/Envi- The objectives of the SDWMP are to:

¯ improve and maintain water levels, circulation pat-ronmentalImpact Statement(EIR/EIS)isoneof three
major water resources planning programs under way to terns, and water quality in the south Delta area for lo-
both evaluate possible solutions to Delta problems and cal agricultural diversions;
implement water banking programs.

¯ provide the opportunity to interconnect with Clifton
The two other draft EIR/EIS’s that will be released to the Court Forcbay and improve water quality for Contra
public in 1990 include the North Delta Water Manage- Costa Canal deliveries to be treated for use as drink-
ment Program (NDWMP) and the Los Banos Grandes ins water supplies;
off-stream storage reservoir. Tentative EIR/EIS sched-
ules for these EIR/EIS’s are shown in Figure 2-1. The¯ improve SWP operational flexibility to help reduce
SDWMP, the first phase of the waterbanking program, is fishery impacts and improve fishery conditions;
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I ¯ improve SWP and CVP water supply reliability the months of peak agricultural demand. Background on
through enhanced capabilities for banking winterthe events involving SDWA and DWR is discussed in

i supplies and through improved water quality, whichChapter 1.
will reduce the cost of treating drinking water sup-
plies; Barrier-type facilities would be constructed and operated

to regulate flows to improve water levels and circulation

I flood and patterns. Facilities would be opened with the incomingimprovenavigationand protection;
tide and closed with the outgoing tide to retain higher wa-

¯ increase recreational opportunities, ter levels upstream of the facility. Operation of the facili-

I ties are discussed later in this chapter. Increasing water
Improved South Delta levels in south Delta channels would improve water circu-
Water Agency Water Supply lation by putting more water into the system, especially in

I A principal objective of the SDWMP is to mitigate and en-
stagnantor dead-endchannels.

hance south Delta water supplies by improving water lev-The method of local agricultural diversion includes si-

i els, circulation patterns, and water quality. To accomplishphons and pumps, and a tidal pump control structure at
this, various measures can be implemented: 1) barrier-Tom Paine Slough. Operation of both the siphon and the
type facilities to improve water levels and circulation pat- tidal pump control structure depends on adequate water
terns; 2) a northern intake structure for Clifton Court levels within the supply channel. Pump ener~ require-

I Forebay to reduce SWP effects; 3) CVP tie-in to Clifton ments are affected by the water level elevation. Operat-
Court Forebay to reduce CVP effects; and 4) channel ing barrier-type facilities to capture high water levels up-
dredging to improve channel capacity, stream of the facilities can significantly improve water lev-

I els.
’ Water for lands within the South Delta Water Agency

(SDWA) boundaries is supplied almost exclusively fromSouth Delta channels are used for both delivery of irriga-

i Delta channels. Water conditions in the area are influ-tion water and return of local agricultural drainage. Irri-

enced by San Joaquin River inflow, tidal action, projectgation practices concentrate the salts of the applied water;
and local pump diversions, agricultural return flows, andthe disposal of the irrigation drainage degrades the receiv-

channel capacity. Historically, there have been variousing water. The quality is seriously deteriorated in dead-

I end channels such as Tom Paine Slough and Paradise Cut,complaintsfromSDWA thathydrauliccapacityisinsuffi-
cient to convey water to some points of diversion duringas well as reaches of Old River and the San Joaquin River,

which have limited circulation. During the heavy irriga-

I tion season, this drain water is recycled several times
when flows are insufficient to flush the channel. Pro-

: ~,:. The Tidal Cycle posed alternatives are all designed to improve circulation’ .:i’.:; .j. . "

I The river systems of the Sacramento-San doaquin by improving flows in channels.
Delta are open to the Pacific Ocean via the Golden

A second water quality factor that must be consideredGate and are Influenced by tides-two high tides
~dtwo Iow tides each day. within the south Delta is high nutrient-loading, along

i with poor circulation, which can cause biostimulation for
Each high-water stage raises water elevations and algal growth. The alternative solutions considered in this
produces a flood tide that flows landward through report could greatly reduce the effects of the biodegrada-
Delta channels. As the tidal cycle continues, it re- tion within the channels of the SDWAby improving circu-
verses to a low water stage and produces an ebb lation patterns.
tide that flows to the ocean and lowers water levels.

Water movement affects circulation within the south

I ThJs regular cycle of changing flow directions and Delta which in turn affects levels. The distri-area, salinitywater elevations can be used to create desired hy-
dt~aulic conditions by use of tide gates. These struc- button of water flowing into the SDWA is affected by the

tures can be designed and operated to open and CVP and SWP pumping plants located near Tracy. Cross-

I close on different phases of the tide, using natural Delta water distribution patterns and project diversions
forces to Improve water levels end circulation, resulting from the CVP and SWP have provided better

water quality to benefit the Delta and some parts of the

I
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south Delta. The project’s effect and the CVP effect on Connecting the CVP to Clifton Court Forebay would also
the inflow of the San Joaquin are quantified in the Juneimprove water levels in the south Delta. The CVP cur-
1980 report on the "Effects of the CVP upon the Southernrently pumps continuously from Old River, which directly
Delta Water Supply." affects water surface elevations in south Delta channels.

By pumping from the forebay, impacts on south Delta
Ocean tides affect water levels throughout the southchannels would be lower.
Delta. It takes about 9 hours for the tide to reach
Mossdale from the Golden Gate Bridge. The averageIn most instances, the channels have aggraded since the

daily range of water level elevations at Mossdale createdfirst surveys were made in 1913 and in 1933-1934. Natural

by tides is approximately 2.4 feet. The tidal range withinsediment deposition has decreased the capacity of most of

the south Delta is affected by the magnitude of exportthe channels. Channel capacity can be increased by dredg-

pumping. If water in the south Delta is diverted by the ing. The increased capacity would both allow for better

SWP during the rising tide, the incoming volume of waterconveyance and improve water levels and circulation in

and its corresponding momentum would be diminished,the channels.

attenuating the subsequent high tide upstream. Improved Operational Flexibility and Reliability

In addition to the need for improved water supply condi-Each SDWMP alternativeincludesa forebay modifica-
tion which would at least double the capacity of the exist- tions in the south Delta, south Delta hydraulic improve-

ing intake gates by installing intake gates farther north ofmerits will be needed to meet future local and statewide

the existing gates, water demands. The State’s yearly net water needs by
2010 are projected to reach 35.6 million acre-feet (MAF).

Moving the forebay intake structure northward would ira- Improved south Delta hydraulics, an enlarged forebay,
prove water surface elevation in the south Delta becauseand a permit for SWP to pump 10,300 cubic feet per sec-
the point of SWP diversion is farther away from the south ond (cfs) would add operational efficiency, water supply
Delta channels. The Delta channels downstream andreliability, and operational flexibility to both the SWP and
north of the existing intake gates tend to have largerthe CVE.
cross-sectional areas. Water can be diverted from theseEfficient operation of the SWP and CVP would optimize
channels with less impact upon water surface elevationsoperations to best use the facilities of both projects. DWR
than would be experienced at the present intake. and Reclamation are currently negotiating a contract for

the SWP to wheel water for the CVP and for Reclamation
to sell interim CVP water to DWR. Wheeling water, using
the surplus capacity of the California Aqueduct, could in-
crease the capability of the CVP to export water from the
Delta, and any water the SWP might be able to purchase
from the CVP would increase the SWP’s ability to meet
future obligations.

The combined capacity of SWP and CVP aqueducts lead-
ing from the southern Delta totals about 15,000 cfs--
about 10,300 cfs for the California Aqueduct), and 4,800
cfs for the Delta-Mendota Canal. However, the com-
bined export capacity today is limited to about 11,000 cfs to
avoid scouring channels near the intake to Clifton Court
Forebay during low inflow from the San Joaquin River.

The south Delta alternatives would improve the hydrau-
lics in the south Delta to solve the current SDWA con-
cerns and to allow the SWP to better use its full capability
for storing surplus winter flows south of the Delta.

South Delta improvements are needed for offstream win-
Clifton Court Intake Gate ter-banking storage projects. One such project is the Los
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Banos Grandes Reservoir, authorized by the Legislatureter. These improvements will reduce chloride, bromide,
in 1984. Studies thus far suggest that a reservoir with overand total dissolved solids at the SWP intake.
1 million acre-feet of storage capacity would increase de-
pendable supply for the SWP by over 200,000 acre-feetWater quality for CVP customers could also improve due

(AF). The studies were based on long-term conditionsto the better quality water in northern channels. A new
and assumed the use of the fo~ar additional pumps atintake at Clifton Court Forebay would also provide more

Banks Pumping Piant, south Delta improvements, as wellflexibility and reliability for the CVP. The old intake at

as federal permits to increase SWP exports to 10,300 cfs.Old River can serve as a backup unit. If necessary, gates of

The use of winter banking will add to the reliability of the the old intake can be opened to release water into Old

SWP and to the flexibility in operations to shift monthlyRiver for agricultural interests.

export patterns to winter months, when fish are generally
less abundant. It will also help limit Delta exports during

Reclamation has petitioned the State Water Resources

dry years. If Reclamation participates in the Los Banos Control Board for a new diversion point at Banks Pump-

Grandes Project, the CVP will also receive added reliabil-ing Plant. With its approval and with DWR pumps operat-

ity. ing at full capacity, DWR would be able to wheel more
water for Reclamation from the Delta through the Cali-
fornia Aqueduct. This would give Reclamation more

Enlarging the forebay or the gate capacity would enableflexibility.
more unregulated flows to be diverted to off-stream stor-
age in the wet season, generally from November throughContra Costa Canal. Contra Costa Canal, a part of the
April. If diverted to surface storage, such as Los BanosCVP, is Contra Costa Water District’s (CCWD) primary
Grandes, surplus water would either be retained for tong-water source. The current intake diverts water from Rock
term, carryover storage or made available later in theSlough, where elevated salinity content presents water
same year on a normal delivery schedule. This potentialquality concerns for municipal and industrial users at cer-
for increased diversions during wet periods would in-tain times of the year.

SWP during subsequent dry periods.crease reliability
The surplus water could also be stored in ground waterba-Relocating the intake of the Contra Costa Canal from
sins such as the Kern Water Bank. Both of these projects Rock Slough to Clifton Court Forebay is one way to im-
are discussed in Chapter 6 under related projects, prove the CCWD service area’s water quality in the im-

mediate future, in the absence of offstream storage. The
relocation would reduce the concentration of sodium,

A service area banking program of significant size wouldchloride, total dissolved solids (TDS), and hardness in the
water CCWD delivers to its customers. Benefits accruingalsoprovidemoreoperationalflexibilityfor SWPsurface

storage facilities north of the banking area, such asfrom the improved water quality are measured as savings
Oroville and San Luis reservoirs. During normal years,in costs imparted to residential customers, industrial cus-
the drawdown level at Oroville is now limited to ensure tomers,andmunicipalwater treatmentplants.Inaddi-
sufficient carryover storage to protect the Delta and fulfill tion, the relocation would improve system reliability and
minimum delivery needs should the next year be dry.complement future construction of a reservoir in the serv-
However, if insurance were provided for part or all of the ice area.
minimum delivery needs through a banking program, this
minimum could be lowered significantly and present fa-Improved Fishery Conditions
cilities would provide greater long-term average water
deliveries. This same principle could be applied to futureImplementation of the SDWMP would improve fishery

SWP reservoirs north of the Delta. conditions by 1) increasing flows down the San Joaquin
River past the Old River flow split; 2) shifting exports to
winter months; 3) improving the temperature, water qual-

SWP drinking water quality at the intake to Clifton Court ity, and dissolved oxygen in channels; and 4) adding shore-
Forebay would improve. Operational flexibility providedline and riparian habitat.
by the SDWMP will shift exports to the winter, when wa-
ter quality is generally much better than during summerThe present flow split of the San Joaquin River at its bifur-
and fall. In addition, the preferred alternative new intakecation with Old River during the summer season is ap-
gate location will divert from a source of better quality wa- proximately 25 percent down the San Joaquin River and
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term phytoplankton and zooplankton production in some
areas. Phytoplankton and zooplankton are critical to the
food chain. However, high levels of phytoplankton can
lead to 24-hour cyclic dissolved oxygen extremes. During
daylight hours, photosynthesizing phytoplankton in-
crease oxygen levels in the water column, reaching peak
levels in the late afternoons. During the night hours, the
phytoplankton, in the absence of sunlight, begin to re-
spire, converting dissolved oxygen to carbon dioxide. The
depletion of dissolved oxygen continues through the
night, with levels reaching a low in the predawn hours.
The depletion of oxygen to levels stressful for resident
and migrating fish have been documented in several Delta
studies. The increases in water circulation patterns result-
ing from the operation of barrier-type facilities could
help limit the buildup of phytoplankton concentrations in

"-~
many of the currently stagnant channels.

~pical Rock Barrier Increased water circulation could also be a benefit in re-
ducing salt levels in the south Delta by diluting and flush-

75 percent down Old River. The estimated flow split, ing agricultural return waters. Reduction of local water
when water is not diverted from the south Delta channelstemperatures through increased circulation could be
by the SWP and CVP pumping plants, is 45 percent downbeneficial to some species of fish, primarily in the in-
the San Joaquin River and 55 percent down Old River.creased capacity of lower water temperatures for in-
This flow split is critical to the water distribution and creased dissolved oxygen levels. The total benefits of in-
water quality in the Old River area of the SDWA and in creased water circulation would have to be weighed
the lower San Joaquin River. against the effects of altered phytoplankton production

dynamics, the reduction of residence time and its effects
A barrier-type facility at the confluence of Old River and on zooplankton production, and the impacts of possible
the San Joaquin River near Mossdale would reduce theincreases in channel velocities.
loss of out-migrating salmon smolts by significantly de-
creasing their diversion down Old River and, hence,The concept of winter banking could be realized with the
entrainment into the SWP pumps. These out-migratingfull use of the four additional pumps at the Banks Pump-
salmon, which pass through this area between Februarying Plant, implementation of the south Delta improve-
and June, are from the spawn of the San Joaquin fall run.ments, and additional storage south of the Delta. This
It is believed that once the juveniles are guided down thewould allow management of export operations to pump
San Joaquin River past the Old River split at Mossdale,when doing so would least affect fish. Fishery conditions
they will be aided by the increasing marine salts and tidalcould be improved by shifting some exports away from
actions in overcoming the attraction of the reversespring and summer months of high fish abundance to win-
(north-to-south) flows in the central Delta area caused byter months of low fish abundance.
SWP diversions, and will then proceed seaward.

Fishery conditions could also be improved by constructing
The installation of barrier-type facilities at Middle River, levee setbacks. The new levee would provide more shore-
Grant Line Canal, and Old River could decrease theline, and the existing levee would be breached in some at-
entrainment of various resident fish that inhabit the southeas to create berms for additional riparian habitat.
Delta area upstream of the barriers. This would be par-
ticularly beneficial to fish that would tend to move on theImproved Navigation
ebb tide when the gates were closed.

Channel improvements could improve navigation by in-
The ebb closing of the gates would also increase the resi-creasing channel depth. Interconnection of the CVP to
dence time in the south Delta, possibly increasing short-Clifton Court Forebay, along with operational modifica-
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tions, could also improve navigation in south Delta chan-
nels during low tides.

Improved Flood Protection

The SDWMP will have several benefits to south Delta
flood control. Levees affected by the facilities would be
upgraded to accommodate the changes caused by con-
struction of the facilities. The levees would be maintained
to ensure integrity and safety. The facilities themselves
would be designed so that the barrier portion can be par-
tially removed from the channel, thereby freeing
floodflows.

Channel improvements, whether by dredging or levee set-
backs, would enlarge south Delta channel cross-sections Montezuma Slough Gate

and hence increase channel capacity. With increased ca-
pacity, the channels would be able to contain greaterMitigation and Enhancement

floodflows and provide greater protection from flooding. Barrier-type Facilities
Additional flood control benefits could be realized if theBarrier-type facilities would be installed to directly ira-
dredged material were used to fortify levees. prove water levels and circulation patterns and meet

Enhanced Recreational Opportunities other SDWMP objectives. The proposed sites are:

¯ on Middle River about 0.5 mile south of the conflu-
Various components of the SDWMP would enhance rec- ence of Middle River, Trapper Slough, and North Ca-
reational opportunities in the south Delta. Proposed hal;
channel improvements could lead to additional recre-
ational development. Dredging would make accessiblē on Old River east of Delta-Mendota Canal (DMC)
some scenic stretches of channels, such as Old River in intake;
the vicinity of Salmon Slough. Levee setbacks would̄ on Grant Line Canal east of the SWP facilities; and
create berm islands and additional shoreline for riparian
habitat and recreation. Barrier-type facilities could ira-¯ on Old River west of its confluence with the San Joa-
prove water levels for recreation in some currently shal- quin River.
low or stagnant channels.

A contract is now being drafted with the SDWA to specify
the process of testing and finalizing the mitigation and en-

Details of potential recreation development can be foundhancement barrier-type facilities. An agreement with
in the Recreation Facilities Plan for North & South Delta SDWA could include up to four barriers. In addition, a
(Ebasco, March 1988). The study presents conceptual-fishery mitigation agreement may specify a barrier.
level cost estimates for several suggested recreation areas
that can be developed in conjunction with the SDWMP. Barrier-type facilities will be designed to regulate flows in
The recreational development plans are consistent withthe controlled channels in accordance with tidal elevation
provisions of the Davis-Dolwig Act, which requires con- differences on either side of the structure. In general con-
sideration of recreation facilities as part of any new SWP cept, the incoming tide (flood tide) would pass through
facility, the open gates of the structure until the tide peaks; then

the gates would close to retain the higher water level in
the controlled channel. The controlled channel would beProject Components                 the stretch of channel affected upstream of the barrier.

For example, the controlled channel of the Old River east
A discussion of the project components used in the alter-of DMC barrier is 18 miles of Old River upstream ~r cast
native plans follows, of the barrier.
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After construction, data will be collected regarding opera- cess. The cost of such a concrete-barrier type facility
tion of the barriers, and water levels, flow patterns and with a boat lock structure is about $10 million.
water quality in the south Delta. The draft contract in-
clude committees that review and analyze these data and̄ Inflatable barrier-typefacility. This facility would con-

recommend changes in operations to continually improve sist of an inflatable rubber dam anchored to a con-

operation of the barriers for both the project and south crete raft. Electronic controls will be used to inflate

Delta local interests, and deflate the dam in response to tidal fluctuations
or fishery concerns.

Different barrier-type facilities could be constructed.
The following list describes the types that are being con- A typical inflatable rubber dam varies from 5feet to a

sidereal for construction. All these facilities could include maximum of 10 feet high and is usually attached to a

boat locks, lightweight concrete raft about 40 ~eet wide. If main-
tenance of the rubber dam is necessary, the concrete

¯ Gated concrete barrier-type facility. This facility would raft could be refloated. Following the repair work,
consist of a gate structure which houses one or more the concrete raft and rubber dam must be ballasted
radial gates separated by piers. A flashboard struc- into position by filling the raft cells with water. The
ture would be constructed if needed. The facility cost associated with this facility is about $5 million.
would consist of electronic controls to automatically
operate gates in response to changes in tides.

¯ Temporary rock barrier-type facility. This facility
would be similar to the existing weir in Middle River.

A typical gate structure consists of up to four radial The weir would be modified to continue operation on

gates, each about 20 feet wide and 15 feet high. Each a year-to-year basis indefinitely, thereby reducing
gate structure will be capable of passing a flood flow high capital costs. These modifications would include
of 2,000-5,000 cfs at an average velocity of 6.7 feet per installing automatic controls for the flap gates, con-

second, structing a concrete portage ramp, and acquiring ad-
joining land to store rock. The annual cost of this fa-

A typical boat lock structure has a lock chamber 20 cility would be about $100,000.
feet wide and 70 feet long; a flashboard approximate-
ly 70 feet wide is usually provided for emergency ac- These temporary facilities could be also used initially

to provide necessary test data so that design and loca-
tion of the final structures could be completed.

Clifton Court Forebay Modifications

All modifications to the forebay would involve changes in
the location and size of the intake structure to the forebay.
These changes would allow for more flexible daily SWP
diversion patterns, which could improve water levels and
circulation in south Delta channels.

The extent to which SWP diversions affect water levels
and circulation patterns in the south Delta depends on
such factors as the size of Clifton Court Forebay, the size
of the forebay intake gates, the location of the intake
gates, the daily operation of the forebay intake gates, and
the pumping rate at Banks Pumping Plant, as well as the
nature of the tidal variation in water surface elevation in
the Delta channels, Delta inflows and exports, and local
agricultural diversions.

Delta channels typically experience a 25-hour tidal cycle.
The hourly distribution of diversions into the forebay dur-

Typical Rubber Dam ing the 25-hour cycle can affect the impact of SWP diver-
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sions south Delta channels. See 5 for de- reduce impacts to south Delta water levels and assist inon Chapter a

tailed tltscu~sion of tidal effects on intake gate operations,banking winter supplies. Channel enlargements would
both improve conveyance and increase channel capacity.

The purpose of Clifton Court Forebay is to allow for con- The proposedintakestructureisbasicallythesamecon-
tinuous pumping at Banks Pumping Plant, while the ac-figuration as that of the existing Clifton Court Forebay in-
tual diversions from the Delta ~hannels can occur at timestake structure. That facility consists of up to five gates,
in the tidal cycle that minimize the impact to Delta chan-each about 20 feet wide and 30 feet high. The proposed
nels. Therefore, Clifton Court Forebay intake gates areintake will be sized to divert a peak flow of about 30,000
opened only periodically during the day in order to fill thecfs. The costs associated with a typical intake structure
forebay, having five radial gates is about $7 million.

The daily pattern of diversion into the forebay is also de-Enlarged Clifton Court Forebay. Forebay enlargement op-
termined by the pumping rate at Banks Pumping Plant.tions to be considered may include, but are not limited to,
For the existing forebay configuration, the higher theByron Tract, Victoria Island, Coney Island, and the re-
pumping rate at Banks Pun~ping Plant, the more watermaining area of Clifton Court Tract. The expansion op-
that must be diverted into the forebay over a tidal cycle,tion would include any combination of these areas that

would increase the forebay area from its existing 2,100Increasedwaterdiversionscausetheforebayintakegates
to be opened more often, reducing flexibility in operatingsurface acres to more than 5,000 surface acres. Some
the intake gates to lower the impacts of diversions on80,000 lineal feet of levee will be needed for the forebay
south Delta channels. Any of the proposed modifications Construction costs would be about $1,500expansion. per
to the forebay will provide more flexibility in operation of lineal foot. Any one of the options with a new intake
the intake gates. All changes to Clifton Court Forebaynorth of the existing intake would minimize the impact of
will increase the capacity of flow through the forebay in- gate operations on water levels in the south Delta and in-
take gates, crease winter banking capability. The hydraulic impacts of

an enlarged forebay are based on the intake gate locationThe rate of flow of water into Clifton Court Forebay is de- and the surface area of the forebay--not on the configura-
termined by the size of the area of the intake opening andtion of lands used. The environmental assessment dis-
the difference in water surface elevations inside thecussed in Chapter 5 is therefore applicable to any com-forebay and outside the forebay in the Delta channel, bined areas being considered to achieve the new forebay

size. An evaluation of terrestrial impacts has been con-Moving forebay intake gates northward should also im-ducted for all the lands being considered.prove water surface elevations in the south Delta because
the point of SWP diversion is farther from the south DeltaSiphons. Siphonswouldbeusedtohydraulicallyconnectchannels. The Delta channels upstream and north of thethe existing forebay to the areas used for the forebay ex-
existing intake gates tend to have larger cross-sectionalpansion. Each siphon structure would be made up of cast-
areas than those in the south Delta. Water can be diverted reinforced conduits about 700 feetin-place concrete long.from these channels with less impact on water surface ele-Dimensions of the conduits would be about 25 feet wide by
vations than would be experienced in the channels in the25 feet high. Four of such siphons would be capable of
south Delta. conveying flows of 15,300 cfs at a velocity of about 6 feet

Improving the forebay and increasing the capacity ofper second. Provisions will be incorporated into the design
to dewater each conduit individually to remove sedimentchannels upstream of the intake gates should further in-
deposits and for general maintenance. The costs asso-crease the flexibility of gate operations, even with in-
ciated with a siphon of15,300-cfs capacity is about $47 mil-creased SWP diversions,
lion.

New intake. A new intake gate structure for the existing
forebay installed at the north end would increase the in-An enlarged forebaycould allowfor the CVP to tie in with
take capacity to the forebay and would reduce the impact the forebay, which would minimize CVP impacts on south
of gate operations. An intake farther north would causeDelta channels. The existing forebay with its 2,100 surface
less channel constriction because it would be near chan-acres would make a tie-in with the CVP difficult. At
nels with more capacity. The new gate structure would times, the volume of water in the forebay would be insuffi-
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cient for both projects unless the intake gate operationsing John E. Skinner Fish Facility, constructed in the late
were relaxed; this, however, might adversely affect water 1960s. Both alternatives are assumed to employ the same
surface elevations in the south Delta. type of fish collection facility.

Channel Improvements 2. AIternative 3. A connecting channel would be excavated
south of and parallel to Byron-Bethany Road, down-

A number of channels near the new forebay intake gatestream of the existing Skinner Fish Facility. With this al-
willbe improved to increase channel capacity and to main-ternative, the existing Skinner Fish Facility could be used
rain water levels while meeting increased export rates,by both projects. However, increased flows through the
The channels considered include Middle River east offacility would necessitate an expansion of the facility to
Woodward and Victoria islands, Woodward and North ensure proper flow characteristics.
Victoria canals, Victoria and North canals. To achieve an
adequate cross-sectional area of about 7,200 square feet,3. Alternative 4. A new intake channel would be excavated
channels will be dredged; however, where significant im-to connect DMC to Clifton Court Forebay upstream of
pacts to riparian habitat on levee banks or channel islandsthe existing Tracy Fish Facility. Modification of the exist-
would result from dredging, construction of levee set-ing fish facility was not included, despite the debate over
backs will be considered. By constructing parallel leveesits present effectiveness. This alternative presents cer-
and breaching existing levees, additional fish and wildlifetain construction difficulties. Flows from Old River
habitat would be created, would be blocked by a compacted dike embankment.

Additional channels that may be dredged to improve cir-
Related Project Components

culation and provide recreational and navigational oppor-The following two project components are related to the
tunities include Old River west of Sugar Cut and Middle SDWMP but are not part of the SWP alternative plans.
RiverbetweenOldRiverandHighway 4. Dredged mate- SDWMP will, however, coordinate with these projects to
rial will not be disposed on wetlands, accommodate their needs.

Connection of CVP with Clifton Court Forebay Contra Costa Canal Relocation. Reclamation has been in-

Connecting the CVP’s Delta-Mendota Canal intakevestigating three alternative canal locations that would
impact the SDWMP alternatives to some degree. The lo-channel to the SWP’s Clifton Court Forebay would mini-
cations include Clifton Court Forebay, the intake channelmize, if not eliminate, the impacts of CVP pumping at low
between the forebay and Banks Pumping Plant, or the dis-tides. Four alternatives for the connection were evalu-

ated and are discussed in the following paragraphs, charge side of the pumping plant on the California Aque-
duct. Details of the alternative can be found in the Kel-

I. AIternatives 1 and 2. In these schemes, DMC and Clif- logg Unit Reformulation Study Planning Report/Draft

ton Court Forebay would be linked by a new intake chan-Environmental Statement.

nel along the shortest possible alignment to minimize ex-Studies have revealed that a proposed Los Vaqueros res-
cavation. A new fish screening and collecting facility ervoir in the Kellogg Creek watershed, in conjunction
would be constructed along this new reach of intake chan-with an intake relocation, offers the most effective means
nel. Herdlyn Road would be rerouted over a new bridge of improving water quality and increasing system reliabil-
crossing the new intake channel, ity.

The existing intake channel between the intertie and theEach potential intake location has many advantages. The
present Tracy Fish Facility would be abandoned. Flowadvantages of relocation to any of them include better
from Old River would be blocked by construction of an and more uniform water quality, close proximity to a
earthen cofferdam, larger power grid, and a redundant diversion point for

CCWD in case of problems at the Rock Slough diversion
Alternative 1 is distinguished from Alternative 2 in the point.
type offish screening facility used. Alternative 1 incorpo-
rates a positive barrier-type facility similar to the concept Advantages unique to relocating to the Banks Pumping
proposed for the Peripheral Canal in 1982. Alternative 2Plant intake channel include close proximity to the pro-
uses a louver-type behavioral barrier similar to the exist-posed Los Vaqueros Reservoir, the possibility of taking
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unused pumping capacity at Pumping on an programBanks Plant Theobjectivesof the are to:
tntettm ba~is~ and the possibility of using the Skinner Fish
Facility. ¯ accommodate future water needs of all the involved

counties and agencies;
Advantages unique to relocating to the discharge side of
Banks Pumping Plant include 1) relatively easy construc-̄ improve instream flows for the Stanislaus, Calaveras,
tion of the intake to the diversion structure, 2) the possi- and San Joaquin rivers;
bility of using existing pumps at Banks Pumping Plant dur-
ing the early years of Los Vaqueros Reservoir [instead of ¯ improve water quality in the channels of the south
having to build a pumping plant initially], and 3) close Delta; and
proximity to Los Vaqueros Reservoir.

Disadvantages associated with relocating to either the in-̄ increase CVP and SWP water supplies in the Delta

take channel or the discharge side of Banks Pumping and help meet Delta outflow requirements.

Plant include the possibility, of having to increase the ca-
pacity of Skinner Fish Facility and the intake channel. As much as 155,000 AF of New Melones contract water

could be released to the SWP in dry and critical years,
Stanislaus and Calaveras River Basins Water Management which would improve water quality in south Delta chan-
Study. In early 1989, DWR, Reclamation, and 15 localnels.
water agencies (including SDWA) signed a Memorandum
of Understanding to participate in studying the future de-Details of the Stanislaus and Calaveras River Basins
mantis for water in the Stanislaus and Calaveras River Ba-Water Management Study and other projects that may af-
sins WaterManagement study area and the most efficientfect the SDWMP or SWP operations are discussed in
means of meeting those demands. Chapter 6.
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Chapter 3. DESCRIPTION AND COMPARISON OF ALTERNATIVES

The narrowing of alternatives utilized a broad range of in-Figures 3-1 and 3-2 are block diagrams of the California
formation that is important to water resources planning.Water Plan and the Preferred Alternative, respectively.
The selection process considered previous studies, activi-
ties implemented during droughts, legislative activities,Two categories of alternatives are evaluated in this chap-
statewide referendums, comprehensive water conserva-ter:
tion and reclamation activities, the South Delta Water
Management Program (SDWMP) objectives and project¯ South Delta Water Management Program alterna-
operational flexibility. Previous studies evaluated alter- tives, and
natives on the basis of such factors as economics, energy,
water supply, fisheries, wildlife, recreation, water qualitȳ water supply augmentation and demand-reductiontechnological, legal, and institutional constraints, politi-
cal issues, and compatibility with other proposals. A sum- alternatives in project service areas.

mary of previous studies and the narrowing of alternatives
is provided in Appendix M. Appendix M also contains de- Eight SDWMP alternatives and a no-action alternative

tailed criteria and assumptions on which the alternatives(base case condition) are evaluated on the basis of overall

were compared, operation of the State Water Project (SWP) and Central
Valley Project (CVP), in compliance with operational

In general, previous studies showed that an isolated facil-considerations discussed later in this chapter. ¯ Also, 11
ity would provide favorable reliability, fishery protection, water supply and demand-reduction alternatives were in-
and improved water quality when compared to other al-corporated into the economic analysis discussed later in
ternatives such as a physical barrier or through-Delta fa-this chapter. Environmental impacts are discussed in de-
cility. Recent updates of previous studies showed thistail in Chapter 5 on the basis of comprehensive water sup-
same trend. However, the June 1982 voter rejection byply, power, Delta water quality, and Delta hydrodynamic
State referendum indicated that an isolated Delta facilitystudies, assuming 3.3 MAF level of demand. Potential cu-
was unacceptable to the public, mulative impacts of related water resources projects are

discussed in Chapter 6.
The previous studies also showed that a through-Delta
system compatible with the SDWMP would provide sig- For all alternatives, the four additional pumps are as-
nfficant advantages over existing conditions. Also, exten-sumed to be installed by the end of 1991. Operation of the
sive programs since 1975 to implement water conserva-Banks Pumping Plant with the four additional units was
tion and reclamation have determined that statewideapproved according to U.S. Army Corps of Engineers
demands can be reduced by 1.3 million acre-feet (MAF) (Corps) constraints established in Public Notice 5820A,
by 2010. DWR Bulletin 160-87, California Water: LooMng Amended. This operation is discussed in the 1986 Addi-
to the Future, November 1987, as well as this EIR, shows tional Pumping Units--Harvey O. Banks Delta Pumping
that would still be Plant EIR. The no-action alternative includes thesewaterdevelopment requiredtoaccom- con-
modate conservation and reclamation, meeting futurestraints. All the SDWMP alternatives include increased
statewide needs and alleviating current Delta problems,export limits.
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Solath Delta Water Management Each SDWMP alternative was analyzed with and without

Program Alternatives the CVP tie-in to Clifton Court Forebay. All the alterna-
tives comply with currently established water quality and

The no-action alternative (base case condition) repre-outflow criteria. These alternatives are shown in Figure

sents SWP operations according to existing water rights3-3 and discussed in the section, "Comparison of Physical

permits and Corps constraints and without improvementsand Operational Features."

to conveyance capacity in south Delta channels. The pre-Configurations A and B were selected as conservative
ferred alternative is to: 1) enlarge some existing channelstests of water level, water quality, and circulation ira-
to improve conveyance and capacity, 2) enlarge Cliftonprovements. Ongoing negotiations for barrier configura-
Court Forebay to more than 5,000 surface acres with newtions and operations have shown various other combina-
intakes at Old River and/or Middle River, 3) acquire a tions and staging that may use all four barriers to provide
Corps permit to increase diversion capability to allow forfurther benefits beyond those described by configurations

A and B. The two barrier configurations were used to ana-theBanksPumpingPlantcapacityof10,300cubicfeetper
second (cfs), and 4) install up to four mitigation and en-lyze the incremental benefits of operating the barriers.
hancement barrier-type facilities in south Delta channels.
(Other aspects of mitigation are discussed in Chapter 5.)Barrier configuration A was considered in one of the al-

ternatives. That analysis is applicable to the other alter-
Each SDWMP alternative evaluated is a combination ofnatives as well.
various project components. The components include
mitigation and enhancement barrier-type facilities to di-All the SDWMP alternatives would improve water condi-

rectly improve water level and circulation, an enlargedtions in the south Delta and would require a federal per-

Clifton Court Forebay, new intake structures, channel ira-mit for increased diversion capability to 10,300 cfs. With
this capability, winter banking using Los Banos Grandesprovements, and related project modifications. Each of

the alternatives analyzed would meet the objectives of the(LBG) would be feasible, reliability of the SWP would in-

SDWMP. The alternatives were formulated to guarantee crease, and certain improvements for fisheries would also

evaluation of all the different project components and tobe possible. Analysis of the no-action alternative focused

show the widest range of impacts. This is to ensure that, i1on the effects of continued operation of existing facilities

a decision is made for a combination of facilities not dis-(with the four additional pumps), without any improve-
ments to the conveyance capacity of south Delta channels.cussed in this chapter, the impacts will be lower and the

benefits greater than those described in Chapter 5.

The final decision on implementation of a SDWMP will Operational Considerations
involve contract agreements that will allow for some flexi-
bility in the combination of final barrier-type facilities. Operational considerations for Banks Pumping Plant and

The agreements include those with the South Delta Wa-Clifton Court Forebay for the alternative evaluations in-
clude:ter Agency (SDWA), discussed in Chapter 1, and those

with the Department of Fish and Game (DFG), discussed¯ Decision 1485 protective water quality, flow, and ex-
in Chapter 5. The impact analysis of the SDWMP alterna- port standards;
rives was designed to consider the contribution of each fa-
cility and the impact of combinations of facilities. ¯ Coordinated Operation Agreement defining the fed-

In addition to the no-action alternative, the following eral commitment to Delta protective standards, and a
State/federal sharing formula for water releases;SDWMP alternatives are being considered:

¯ Northern intake with barrier configuration A ¯ power operations to maximize the use of off-peak
power to best utilize existing power facilities and

¯ Northern intake with barrier configuration B minimizecosts;

¯ Corps constraints of historic maximum diversion
¯ Preferred alternative rates for the no-action alternative;

¯ Enlarged Forebay - Highway 4 intake with barrier ¯ mitigation agreements that limit spring and summer
configuration B export levels;
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¯ increased export capabilities to 10,300 cfs for the
SDWMP alternatives and for winter banking;

¯ future operation of the Kern Water Bank (KWB) and
LBG; and

¯ future project demands, capability, and efficient op-

erationS.operational Chap-
~

These considerations are discussed in
ter 1. More detailed information on hydraulic constraints,

u

pumping plant capacity, and efficient operations is pres-

Existing Hydraulic Constraints
and Banks Pumping Plant Capacity

LEGEND
The existing Clifton Court Forebay provides the storage HL High-LowTido HH High-HighTide Gatesopen
capacity needed to allow the Banks Pumping Plant to be
operated up to its existing pumping capacity of 6,400 cfs,
and avoid drawing water from nearby channels during low Figure 3-4. Forebay Gate Operation Schedule
tides.

Clifton Court Forebay diversions vary in a daily cycle ac- tions so that daily diversions into the forebay would not
cording to tidal fluctuations. Diversions are halted duringexceed 13,870 acre-feet (AF), and 2) three-day average
the day to avoid low-tidal conditions, thus providing adiversions would not exceed 13,250 AF.
buffer between Delta channels and the pumps. With all the SDWMP alternatives, improvements would
The gated control structure for Clifton Court Forebay was be made to permit inflow to the forebay of 15,000 cfs, with
designed for a maximum instantaneous of 12,000 cfs, but it30,000 cfs peak capacity. This could allow a monthly aver-
can pass flows up to 16,000 cfs when a very high tide coin-age Banks export capacity of 10,300 cfs when certain high-
cides with minimum water levels in the forebay. Design flow conditions exist. These conditions include: 1) water
flow has occasionally been exceeded under conditions ofavailable after Delta protection standards have been met,
very high flows in the San Joaquin River. During tests in2) high demands, and 3) sufficient downstream storage.
1974, the peak inflow was about 14,000 cfs. D-1485 standards would restrict May, June, and.July ex-
A regularly changing water level differential between ex- ports. Monthly average exports exceeding 8,000 cfs would

terior tides and interior Clifton Court Forebay water lev- probably occur less than 20 percent of the time.

els causes daily diversion constraints when the differencesDWR will be applying for a permit to increase exports to
converge during hourly operations. Other conditions for10,300 cfs, while CVP will be maintaining its existing max-
forebay gate operations involve minimizing drawdownsimum rate of 4,800 cfs.
and controlling tidal currents and velocities in nearby
channels to prevent erosion. Those constraints can re- Comparison of Physical
strict gate opening periods to appropriate high-tide condi- and Operational Features
tions. A typical forebay gate operation in relation to tide
conditions outside the forebay is shown in Figure 3-4.Each SDWMP alternative will be designated by the
Daily forebay gate operations is discussed in Chapter 5. forebay intake structure location and the barrier-type fa-

cility configuration. The preferred alternative is the en-
Because of such constraints and the many complex hy-larged forebay with North Victoria intake, channel en-draulic variables involved, it is difficult to define the pres-largement on Middle River east of Woodward Island, upent maximum pumping rate at Banks Pumping Plant that

to four barriers, and a permit to increase exports to 10,300could be sustained on a monthly basis under high flow and
tide conditions. However, under the Corps Public Noticecfs for winter banking.

5820A, maximum diversion rates into the forebay wouldTables 3-1 and 3-2 are summary comparisons of the
be limited to the historical maximum one-day and three-SDWMP alternatives and water supply and demand re-
day diversion rates. That is, 1) DWR would limit opera- duction alternatives. Table 3-1 compares their objectives,
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Table 3-1
Summary Comparison of Alternatives

ALTERNATIVES PROGRAM OBJECTIVE COST ENVIRONMENTAL CONCERNS COMMENTS
WSDR Alternatives Improves water Unit costs isted in TaMe 3-3 ~e ~n $167 No ~t i~, ex~ f~ ~,~ a~e-f~ a~l ws~
W~ ~ a~ ~a~ ~y ~i~Hi~ ~ ~,140 ~ ~e ~.
~ ~v~.
i~ng wa~ ~s~.

NO AC~O~ ~ N~ ~ ~ ~ ~ ~t r~

I.M~dd~Rlvernear ~ ++ ++ + ++ ++
Tracy mad
Old River
nearDMC ~2 ++ ++ + +* ++

~ ~ ++ ++ + ++ ++

4.0~ ~
SJ.~ ~ + ++ ++



Table 3-2
Summary Comparison of

Operational Flexibility

ALTERNATIVES                                                                       OPERATIONAL FLEXIBILITY
WSD a Alternatives    Could delay on reservior releases with ability to generate some monthly operational flexibility if added water supply
Water supply and demand rallability is not realized.
reduction alternatives,
Indudingwater conservation,
reclamation, and desalination

No Action None

SDWMP Alternatives ALTERNATIVES
1. Preferred I 2 3 4

2. Northern Intake ~. water banking cape, bility ++ + + ++
Barrler-A b. intake location to reduce chlorides, TDS, and THMFP ++ +

3. Northern Intake c. ability to respond to increasingly complex protective standards. ++ + + ++
Bardar-B

4. Highway 4 Intake d. abtlity to balance reserved storage between storage reservlors
Barrier-B north and south of the Delta while operating tolevels establish- ++ + + ++

ed by operating rule curve.

e. ability to shi~ from on-peak to off-peak to save energy. ++ + + ++

f. added storage to react to emergency condition. ++ ++

g. ability to reduce Impacts on fish by: enabling: 1) shifting of SWP
expert away from pedods of high fish abundance, 2) more
frequent closure of Delta cross channel to reduce entrainment ++    + + ++
of fish into the intedor of the Delta, 3) direct SWP diversion from
Italian slough In order to reduce predation losses.

h. frequency and duration of gate opening to reduce water level Impact. ++ + + ++
L releases from the forebay to improve local a~ldCUitural conditldn. ++ + -t- ++
J. use of the existing intake structure to improve local water quality condition. + + + +

Mitio_ ation and
enhancement barrier

1. Middle River near
Tracy road

2. Old River
near DMC ENHANCEMENT BARRIERS

3. Grant Une 1 2 3 4near DMC
a. Barrier in Old River at S.J. River increases downstream

4. Old River at flow in the San Joaquin River for salmon ++
S J. River b. operated according to tidal action to improve water level and circulation ++ ++ ++ +

c. improve water quality, temperature, and dissolved oxygen tot
resident fish ++ ++ ++ ++

Intedm releases from New Improve water quality, water level, and the flow In San Joaquin River.
Melones
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costs, and benefits; Table 3-2 compares their operationalIsland. One intake structure would be located at the con-
flexibility, fluence of North Victoria Canal and Middle River; a sec-

ond intake structure would be located at the confluence
Operation of the forebay intake gates vanes on the basisof North Victoria Canal and Old River. About 5 miles of
of tidal fluctuations with respect to the water level inside the Middle River east of Woodward Island would be en-
the forebay. Flow through the intake gates is controlled bylarged, and up to four barrier-type facilities would be in-
the gate openings. The intake gate operation is discussed The facilities would be located atstalled. barNer-type
in detail in Chapter 5. Middle River near Tracy Road, Old River near the Delta-

To analyze the effect of the different barrier-type facili- Mendota Canal (DMC), Grant Line Canal near DMC,
and Old River at the San Joaquin River confluence. The

ties,operationscheduleswere chosenfordifferentwater
year types, and the impacts with and without the barriersfacilities and costs associated with the preferred alterna-

were analyzed. For each SD,WMP alternative with barrier rive are shown in Appendix I.

configuration B, the are operated on same The northern portion of Victoria Island will be used to en-barriers the
schedule for agricultural interests. For the alternativelarge the forebay, about 12 miles of levee will be required
with barrier configuration A, the Old River at the conflu- for the dam embankment, and portions of Byron Tract will
ence of the San Joaquin River barrier is operated differ-be used to hydraulically connect the existing forebay to
ently for fish interests. Once the facilities are in place, thethe new area. The remainder of Clifton Court Tract and
actual operation schedule can be determined or nego-Coney Island could also be used in combination with this
tiated, plan to achieve the minimum 5,000 surface acres if neces-

No-Action (Base Case Condition)
sary.

As discussed previously, flexibility is an important part of
The no-action alternative condition) assumes a the selection For the forebay could be(basecase process. example,
3.3 MAF level of SWP demands and existing SWP facili- enlarged using Victoria Island, but with two intake struc-
ties, restrictions, and constraints. The hydrologic, hydrau-tures--one on Old River and one on Middle River. Two
lic, and water quality conditions for the no-action alterna-intakes would have less impact than one because the vol-
tire (base case) are listed in Appendix C. Fishery, wildlife,ume of water entering the forebay from each intake would
and other environmental issues are listed in respectivebe lower than if only one was used. Therefore, the veloci-
sections of Chapter 5 under "No-Action Alternative." ties and the corresponding impacts in the channels lead-

ing to the intake would be less. Details of impacts due to
Under this alternative, no action will be taken. No barN- the various components such as intake gate location and
ers would be installed, nor would modifications to Cliftonbarrier-type facilities are discussed in Chapte~ 5.
Court Forebay and channel improvements be made.
Therefore, water levels and water quality in south Delta Northern Intake - Barrier A
channels would remain the same, as would reliability of
the SWP. Operations will continue under the presentUnder this alternative, Clifton Court Forebay would re-

Corps constraints, and south Delta concerns discussed inrain its present surface area of 2,100 acres and would re-

Chapter 1 would continue, main in its existing configuration. A new intake structure
would be constructed at the northeastern corner of the

The no-action alternative also would not comply with theforebay. This would reduce pumping impacts on water
agreement between DWR, Reclamation, and SDWA tolevels in the south Delta because of the larger capacity of
find a mutually acceptable solution to the SDWA water channels. About 12 miles of the Middle River east of Vic-
supply problems (see Appendix B), would not provide thetoria Island and Victoria and North canals would be
operational capability to feasibly construct Los Bandsdredged to increase channel capacity and conveyance ca-
Grandes, and would not meet future water needs of thepability. Pumping capacity would be increased to 10,300
State. cfs. and enhancement facilitiesMitigation barrier-type

would be installed at Middle River near Tracy Road, Old
Preferred Alternative River near DMC, and Old River at the confluence with

The preferred alternative (Figure 3-5) is to enlarge the
the SanJoaquinRiver.

existing Clifton Court Forebay from 2,100 surface acres toAs a result of channel improvements in Middle River and
more than 5,000 surface acres, using a portion of VictoriaVictoria and North canals, the water level and circulation
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pattern will be improved. Channel improvements couldNorthern Intake - Barrier B
also provide opportunities for additional recreational de-
velopment and for increased fish and wildlife habitat. This alternative has the same channel improvements and

forebay intake relocation as does the previous alternative.’
barrier-Woe., facility on Old River at the San JoaQuin~ The difference is in the location of barrier-type facilities.A

River confluence will prevent San Joaquin River flowsThe facilities for this alternative would be installed at i
from entering Old River, thereby maintaining flows down    Middle River near Tracy Road, Old River near DMC, andI
the San Joaquin River. Maintaining flows in the San Joa-GrantLine Canal DMC.near
quin River has historically benefited fisheries by improv-

iing the salmon migration route to the spawning grounds.With this plan, flow patterns in Grant Line Canal will
Discussions of the operation of Middle River and Old Riv- change because of the barrier-type facility in Grant Line
er facilities and the interconnection with the CVP are Canal. With this barrier in place, water levels are raised

Ipresented in the "Project Components" section of Chap-uniformly along Grant Line Canal. As opposed to Barrier
ter 2. The facilities and costs associated with this alterna-Configuration A, which does not have the Grant Line Ca-
tire are shown in Appendix I. nal barrier, the water levels stay relatively unchanged in
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13tarot Lin~ Cartal. The facilities and costs associated with ments for the SWP service area in year 2010 to be about
this alternative are shown in Appendix I, 3.6 MAF, assuming: 1) 250,000 AF of water conserved in

the Colorado River Region becomes available, 2) waste
Highway 4 Intake - Barrier B water reuse increases of 200,000 AF in SWP service areas,

and 3) substantial urban water conservation measures areTheexistingforebaywouldbeenlargedfrom2,100surfaceimplemented through 2010. Under these assumptions,
acres to more than 5,000 surface acres, using some combi-
nation of Byron Tract,Victoria Island, the remainder of the SWP service area would have a deficit in dependable

supplies in 2010 of some 1.3 MAF, in addition to groundClifton Court Tract, and Coney Island. The intake struc- water overdraft. This deficit prediction, however, has
ture would be located just south of Highway 4 on theprobably been underestimated for the following reasons:northeastern corner of Byron Tract. About 10 miles of
the Middle River east of Woodward Island and Woodward ¯ Population growth in the South Coastal Region has
and North Victoria canals ~�ould be enlarged. Barrier- been much faster than was projected in Bulletin
type facilities will be installed at Middle River near Tracy 160-87. To date, the population is about 0.5 million
Road, Old River near DMC, and Grant Line Canal. higher than was estimated for 1990.
If Byron Tract were used for the forebay enlargement, the
alignmentofthenewembankmentwouldbeOldRiveron̄ Los Angeles Department of Water and Power
the east, Highway 4 on the north, and Italian Slough on (LADWP) has been diverting up to 100,000 AF per
the south. The new embankment on the west will run year from the Mono Lake Basin. The average diver-
north-south to yield 1,600 surface acres of additional through AFperyear.sion from1970 1988 was84,000
forebay. The required dam embankment will be approxi- The recent Superior Court ruling, which mandated
mately 60,000 lineal feet. A siphon could be used to hy- drastic cuts in the city’s diversions, could reduce
draulicatly connect Coney Island or Byron Tract to the LADWP supplies by about 60,000 AF per year.
forebay; another option would be to channel around the
west end of Italian Slough. ¯ Some ground water supplies have been lost due to

chemical pollution of ground water basins.
Using Coney Island would add about 900 surface acres of
forebay and would require about 28,000 lineal feet of damMajor water management actions that could offset the
embankment, predicted deficit consist of:

Enlargement into the remainder of Clifton Court Tract¯ water supply additions consisting of the SDWMP, the
would add some 400 surface acres. The additional area is North Delta Water ManagementProgram
bordered by Byron Bethany Road on the west, Herdlyn (NDWMP), LBG, and KWB;
Road on the south, and Reclamation transmission lines on
the east. About 11,200 lineal feet of new embankment will¯ increased water conservation measures; and
be required. The height of the embankment will vary from
5 to about 15 feet. The facilities and costs associated with̄ other demand reduction measures.
this alternative are shown in Appendix I.

Water Conservation
Water Conservation And

Demand Reduction Alternatives            Following the statewide drought of 1976-77 and the sub-
sequent formation of the Office of Water Conservation

California will meet its future water needs primarily (OWC) in 1979, DWR began an aggressive water conser-
through a wide variety of management actions designed tovation program to help local agencies achieve efficient use
supplement, improve, and make better use of existing sys-of California’s limited water resources through promo-
tems. These include reduction of demand for additionaltion of water conservation policies and practices that
surface supplies through water conservation, water recla-would have the greatest public benefit consistent with
mation, and desalination, sound resource conservation principles. Through the

OWC, DWR, has administered several plans and pro-
For the SWP, the present dependable supply is about 2.3grams that encourage efficient use of water, and has fo-
MAF. DWR Bulletin 160-87, California Water: Lookingto cused on cost-effective urban and agricultural conserva-
the Future, November 1987, projected water require- tion programs carried out cooperatively with local agen-
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|
Table 3-3. Urban and Agricultural Water Conservation Programs ~l~

Urban Water Conservation Programs

Landscape Water Conservation. This program promotes water-efficient landscapes by co-sponsoring conferences, assisting water
districts in promoting lawn-watering guides, providing information about water-conserving landscape guidelines, and offering
training in landscape water management techniques. (1976)

Water Management Planning Assistance. Through this program, DWR has provided assistance to water agencies preparing water
management plans. Assistance includes information on how to develop water management program,s, how to schedule the pro-
gram implementation, and to write and adopt the plan itself. (1983)

Residential Retrofit Program. Technical assistance is provided on how to set up retrofit programs, and offers retrofit kits to com-
munities facing a water emergency. (1977)

Low Interest Loan Program. ’This program assists local punic agencies that can save water through capital improvements by pro-
low-interest loans for voluntary, cost-effective, capital outlay water conservation projects. Typical projects include lining or̄viding

piping irrigation ditches and replacing water mains. (1984-1988)

WaterAudits and Leak Detection. Saving water lost to underground leaks is the aim of this program. It offers technical assistance
to water agencies for locating leaks and estimating losses from piped water distribution systems. Training and leak detection equip-¯
ment that can be borrowed at no cost is provided by DWR headquarters and four district offices. (1982)

Conservation Information. Through this program, DWR develops water conservation materials and disseminates this information
to various groups. It also assists water agencies, local government, and others in developing or expanding their water conservation
public information programs. A news letter, Water Consen, ation News, is published quarterly, provkting current information on
water conservation programs to local, state, and national levels. (1979)

Water Education. The program works with local water purveyors to implement water education programs for children, offers cur-
riculum materials for kindergarten through high school, and cooperates with local water agencies in sponsoring teacher training
workshops. In addition, DWR staff members participate in education fairs, workshops, and conferences exhibiting materials and
providing hands-on workshops at these events. (1977)

Industrial Water Conservation. The goal of this program is to develop and implement water saving techniques for industrial pro-1
cesses through identification of generic water use reduction measures that can be applied to industries and industrial processes
throughout the State. (1986)

1

Water Reclamation. This new program is designed to facilitate the implementation of water reclamation programs. It emphasizes
bringing potential buyers and sellers of reused water together with regulatory agencies to initiate more water reclamation projects,lilt

(1989)

Agricultural Water Conservation Programs

Agricultural Drainage Reduction Program. This program helps growers with improvements in irrigation practices on the west side
of the San Joaquin Valley in order to reduce the volume of toxic drainage water, which has to be treated and/or discharged. It
provides information to growers to help them determine when to irrigate and how much to apply; evaluates irrigation systems and¯
suggests management changes to improve the efficiency of water applications; and demonstrates how irrigation technologies, such
as subsurface drip irrigation and volumetrically controlled furrow irrigation. (1985)

Technical Assistance in Irrigation Management. This area has three basic programs: 1) Inigation Systems Evaluations provide
recommendations to irrigation managers on irrigation system management for more uniform distribution of applied water. Six
teams of trained technicians travel to growers’ fields in mobile labs and provide one-time evaluations of the management of the
irrigation system. 2) Cost-shalinggrants are also available to help water purveyors establish irrigation water management programs
for their water users. 3) In addition, an b~igation System Evaluation Sho~¢ Course--attended by water/irrigation district staff mem-
bers, growers, irrigation consultants, and turf managers--is given twice a year.

California Irrigation Management Information system (CIMIS). This program uses an automated electronic weather station
network to provide real-time evapotranspiration (ET) information to growers statewide., Weather data are recorded by more than
50 weather stations throughout California and transmitted daily by telephone to the central CIMIS computer. The central comput-
er estimates the ET rate of irrigated pasture at each weather station site. The ET rate multiplied by acrop coefficient results in an
estimate of the crop’s ET. Accumulated crop ET can be used to help make decisions on when to irrigate and the amount of water
needed to replenish soil moisture. (1980)

I
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eies throughout the State, Legislation has also l~een2010. However, these measures alone will not adequately
adopted to encourage and improve water conservation inaddress the water management issues surrounding the
the State. The two most recent significant pieces of legis-Delta or the projected needs of the State’s growingpopu-
lationare: 1)theUrbanWaterManagementPlanningActlation. In addition, water supply and demand reduction
of 1983 and 2) the Agricultural Water Management Plan- measures alone will not meet SDWMP objectives be-
ning Act of 1986. Both requir~ the larger water suppliers, cause:
under certain conditions, to prepare water management
plans. ¯ they will not provide for operational flexibility of the

SWP. Additional operational flexibility of the SWP

More than 300 urban water suppliers have prepared water can achieve winter banking and provide for fishery

management plans under the Urban Water Management benefits in the south Delta.

Planning Act. These plans identify many current and fu-̄ they will not provide the required improvements in
ture water conservation programs. California’s agricul- water quality, water level, or circulation patterns in
tural sector has also been developing and implementing the south Delta.
ways to reduce on-farm water use. This conservation ef-
fort has been broad-based, involving various public insti-For these reasons, the SDWMP preferred alternative, in
tutions, private industries, and farmers. DWR has pro-conjunction with continued and increased use of water
vialed leadership, technical and financial assistance,conservation and reclamation practices, is needed to
publications, and supported legislation to promote watermeet the multi-objective goals planned for the Delta.
conservation in the State. Economic Analysis of Water Supply

Table 3-3 summarizes current urban and agricultural wa- and Demand Reduction Alternatives
ter conservation programs in place in California. DWR isThe analyses that follow were prepared by region. Be-
committed to continue and expand water conservationcause of the detailed information available for the South
measures in the future. Current estimates indicate thatCoast Region and its relative importance, a sophisticated
statewide conservation will save 1.3 million AF of water risk management analysis of this region was used and is
annually by year 2010, including planned and potentialdescribed in detail. The approaches used for the other re-
Imperial Irrigation District water salvage of 450,000 AF. gions were less comprehensive and are therefore less de-
More than half of this savings (700,000 AF) would be in tailed.
the SWP service area. South Coast Region

South Coast Region alternatives were evaluated by
Other Demand Reduction Measures dicting what reasonable water management programsPre-in

the region would look like both with and without the avail-
The demand reduction measures discussed here are ex-ability of the proposed facilities.
traordinary conservation options. Extraordinary options
are those that go beyond the conservation measures iden-The approach taken in this analysis takes a comprehensive
tified in DWR Bulletin 160-87. Shortage Management view of water supply reliability, incorporating key infor-
Contingency Options (Table 3-4), and long-term optionsmation on the frequency, size, and impacts of shortages.

(Table 3-5) are discussed in detail under "South CoastLocal water managers (and users)must respond primarily
Region." to actual year-to-year fluctuations in water supply avail-

ability rather than to an supply. As shortages in-average
Demand reduction measures will help offset the 400,000crease in magnitude and regularity, shortage manage-

AF shortage that is expected to occur in dry years by year ment becomes an increasingly important tool for the local

2010, that water additions and water manager. Shortage management contingency op-assuming supply watercon-
servation measures identified in DWR Bulletin 160-87tions have been incorporated in the economic risk man-

are in place, agement analysis prepared for the SDWMR

analysis incorporates a means to account for theThe also
Water conservation measures, in conjunction with exist-value of avoiding extreme shortage events. Summary sta-
ing and planned demand reduction measures, would helptistics, such as firm and average yield, do not reflect that
reduce the water delivery shortfalls projected for year one event of a specified shortage amount be muchcan
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Table 3-4
M&I Shortage Contingency Options in the South Coast Region

(In expected order of Use)

Maximum
Option Potential Effect Use Constraints

1. Institute public relations campaign to heighten7% of demand Implementation limited if local stored
conservation awareness, use alternate-day water situation is excellent compared to
watering, gutter-flooder patrols, etc. shortage.

2. Cut back on deliveries to MWD member agencies140 TAF1 Frequency of cutbacks affects participa-
for ground water recharge through spreading, tion in interruptible program.

3. Purchase emergency imported supply through50 TAF Purchase frequency not to exceed once
long-term water marketing agreement, every five years.

4. Cut back on deliveries for ground water 35 TAF Frequency of cutbacks affects participa-
recharge through in-lieu agreement with tion in interruptible program.
with MWD member agencies.

5. Cut back on deliveries to MWD member 175 TAF Frequency of cutbacks affects participa-
agencies for reservoir carryover storage, tion in interruptible program.

6. Use local reservoir carryover storage. As available Rule curve limits use.

7. Use local ground water banked within the As available Rule curve limits use.
service area in previous year.

8. Use local ground water banked through an As available Rule curve limits use.
exchange agreement with another agency.

9. Cut back on deliveries to MWD member 74 TAF Cut back only after shortage in previous
agencies made under the interruptible year and 3-year cumulative cut not to
agricultural delivery program, exceed 100%.

10. Cut back on deliveries to MWD member 50 TAF 3-year cumulative cut not to exceed
agencies made under the interruptible sea 100%
water intrusion barrier program.

11. Institute a rationing program designed to NA Not imposed unless 20% shortfall remains
minimize adverse economic impacts (provide after foregoing measures.
for business exemptions based on economic
hardship).

lthousand acre-feet

5o |
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Table 3-5
Local Long-Term Options -- South Coast Region

ICum. Unit      Total I Cum.
Order Product Product Cost Annual CostI Cost
of Use Local Option "I~pe (TAF) (TAF) ($/AF) I ($1,000) I ($1,000)

1" Water reclamation (set 1) 51.8 51.8 167 8,654 8,654
2 Ultra low flush toilet retrofit 290.0 341.8 287 83,230 91,884
3 Residential water audits 94.7 436.5 291 27,558 119,442
4* Water reclamation (set 2) 50.3 486.8 389 19,591 139,033
5 Riverside County drainage desalting 22,34442.0 528.8 532 161,377

6 South Coast Ground water desalting 78.0 606.8 579 45,162 206,539
7 San Joaquin Valley drainage water desalting375.0 981.8 580 217,500 412,039
8* Water reclamation (set 3) 25.4 1,007.2 625 15,870 429,909

9 Imperial drainage water desalting 302.0 1,309.2 674 203,548 643,457
10" Water reclamation (set 4) 19.0 1,328.2 785 14,909 658,366
11 Seawater desalting 4.8 1,333.0 2,140 10,272 668,638

*These groupings are based on unit cost; for more details, see Appendix E.

more damaging than two events of half that magnitude,Shortage Management Contingency Options. Contingency
for example. This is particularly true when there are inter- water management options are measures implemented
vening of no shortfall in the latter situation and during shortages only (although they be based onyears may
when shortage management can mitigate some of the ira-long-term plans and/or agreements) and are intended to
pacts of the smaller shortages, minimize the impacts of those shortages. Such measures

include: 1) use of banked local ground water, 2) use oflo-
Looking at year-to-year water supply availability in the cal carry-over surface storage, 3) reduction of water de-
context of what local shortage management contingencyliveries to interruptible programs, 4) purchasing water to
options can and cannot do to mitigate adverse impacts,augment normal sources of supply, 5) institutirig extraor-
and relating those impacts to shortages of specific sizes, isdinary conservation measures, and 6) rationing.
critical to assessing the value of enhanced reliability. This
is especially important in light of the increasing environ-The extraordinary conservation measures include: alter-
mental and economic costs of enhancement. The eco- emergency pric-nate-daywatering,waterpatrols, water
nomic risk analysis evaluates the economic feasibility ofing programs, and intensive public education campaigns.
the level of reliability enhancement provided by any corn-Rationing is assumed to include the setting of allowable
bination of facilities in of the use quantities and the provision for exemptions due to ex-light shortagemanagement
techniques locally available, traordinary hardship for residential users and adverse

economic impact (e.g., forced layoffs) for businesses due
Local water management program options were dividedto the severity of the shortage.
into three categories:

See Table 3-4 for a list of shortage management contin-

¯ shortage contingency demand management and sup-gency options, the limit of their effect on demand, and

ply enhancement options; their expected order of use. These options are assumed to
be available in the South Coast Region throughout the

¯ long-term demand management and supply en-study period.

hancement options; and Long-Term Options. Local long-term water management
options to increase reliability that were considered in-

¯ risk management cluded: 1) waste water reclamation, 2) desalinization of
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brackish drainage and ground water, 3) desalinization of4. WaterReclaraation (Set2). See Appendix E. Includes 17
sea water, and 4) the development of water by importa- projects producing a total of 50.3 TAF at a weighted
tion, using long-term conservation facilities in other geo- average cost of $389 per AF.
graphic areas. Also included was the retrofit with ultra
low-flush toilets and leak detection programs in the ser-5. Riverside County Drainage Water Desalting. Water pro-
vice area. All these programs are extraordinary measures; vided from this source was assumed to be available di-
i.e., they are beyond those assumed to be used in DWR rectly for urban use. The quality penalty (substitution
Bulletin 160-87 and are intended to develop and/or con- of 500 milligrams per liter [mg/1] total dissolved solids
serve water continuously, desalted water for 280 rag/1 SWP water) was consid-

ered in estimating the cost. Estimated yield is 42,000
Table 3-5 is a summary list of local long-term options AF/YR by 1990 and thereafter.
available in the South Coast Region. The options are
ranked in the assumed order’of implementation (based on
using those with the lowest unit cost first). Unit cost, total6. South Coast Region Ground Water Desalting. Locations

cost, and water produced or conserved by each option, and and quantities of desalted water available from this

both cumulative costs and quantities are also shown in
source are:

Table 3-5. The water reclamation options are weighted
average values for individual projects. The options are de- Annual Yield
scribed in the following paragraphs and are also described County (AF)
in detail in Appendix E. Ventura 10,000

1. Water Reclaraation (Set 1). See Appendix E. Includes 10
Los Angeles 12,000
Riverside 17,000projects producing a total of 51.8 thousand acre-feet

(WAF) at a weighted average cost of $167 per AF. San Diego 20,000
San Bernardino 19000

2. Ultra-low-flush toilets use 1.6 gallons per flush (gpf), Total 78,000
compared to about 5.5 gpf for conventional toilets in-
stalled before 1978 and 3.5 gpf (low-flush) toilets in-
stalled beginning in 1978. (State legislation requires7. Drainage Desalting. A program of desalting brackish
the installation of 3.5 gpf toilets after 1977.) For Bul- agricultural drainage water would allow further local
letin 160-87, it was assumed that 1.6 gpf toilets would reuse of that water as a substitute for water imported
be required in all new construction after January 1, from the Delta so that more water would be available
1995. State legislation is pending. If most 5.5 gpf toi- to Southern California. Whereas the quality of im-
lets were replaced with 1.6 gpf toilets, at a minimal ported water (280 mg/l TDS) would differ from that of
savings of 0.018 AF per person per year, the potential the desalting product water (500 mg/1 TDS), blending
savings is 290,000 AF per year. This program would small desalting product water flows with the very
require a 10-year conversion period, much larger imported water flows would make little

difference until the amounts of desalting product wa-
3. Residential water audits would be conducted by water ter reached very high levels.

agency representatives as a result of aggressive pro-
motional campaigns by the water agency. The audits Due to the complexity of the water transfer facilities,

free to the property owner but they are voluntary; no attempt has been made to calculate those differ-are
thus the number of households benefiting from the ences, even with the maximum potential flows of de-
audit was estimated at 50 percent. Under the pro- salting product water. The estimated potential annu-
gram: 1) water uses are identified and discussed with al yield of desalted drainage water is 375,000 AFiYR.
householders, 2) low-flow shower heads,toilet tank This assumes that only drainage water from the
displacement dams, and faucet aerators are offered Tulare Lake Basin is totally captured for desalting.
for installation by the agency, 3) toilet leaks are re- Drainage water in the San Joaquin Basin will prob-
paired, and 4) advice on reducing landscape and oth- ably continue to be discharged to the San Joaquin
er exterior water uses is provided. Water savings are River as long as water quality objectives in that river
estimated to be 94,700 AF per year. are met.
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8, Water Reclamation (Set 3). See Appendix E. Includes 8 Tulare Lake Region
projects producing a total of 25.4 TAF at a weighted
average cost of $625 per AF. Agricultural Users. For individual farmers using SWP agri-

cultural deliveries in this region, local options for water
9. lmperialDrainage WaterDesalting. Imperial Irrigation supply and demand management include:

District could use desalted agricultural water in lieu ¯ Pump ground water (ff farm overlies a ground water
of Colorado River deliveries. As with the Imperial basin).
Valley conservation and transfer alternative, Metro-
politan Water District would then divert a corre- ¯ Increase on-farm water application efficiency.

amount from the Colorado Riversponding Aque-
duct. The costs of desalting and transportation

¯ Exchange supplies within the local water agency from
areas with alternative supplies to those without.through the aqueduct, as well as the cost of substitut-

ing poorer quality Colorado River water for urban¯ Stress by not meeting full evapotranspirationcrops
use, was taken into account, requirements.

The small benefit to irrigated agriculture of using¯ Reduce planted acreage of annual crops.

higher quality desalted water (500 rag/1 TDS) ratherBased on the 1976-77 drought experience, which included
than Colorado River water (700 mg/1 TDS) was not the drilling of many additional wells, it is reasonable to ex-
subtracted from the cost of this alternative because of pect that any additional increment to SWP delivery cur-
complexities such as leaching requirements. Esti-tailments due to the absence of the SDWMP willbe corn-
mated yield is 302,000 AF by 1990 and thereafter, pensated by local ground water pumping. For areas that

do not overlie ground water, the 1976-77 experience dem-
10. Water Reclamation (Set 4). See Appendix E. Includes 6 onstrated local water agency flexibility in setting up con-

projects producing a total of 19.0 TAF at a weighted tingency exchanges with those areas with available sup-
average cost of $785 per AF. plies.

Reinforcing this expectation is the fact that potential net11. Sea Water Desalting. In sea-water desalting, reverse
osmosis (RO) is now competitive with more tradition- water savings from increased on-farm efficiency in the

al forms of desalination, even in the case of a dual-Tulare Lake region are small to non-existent because of

purpose project involving both power production andalready high on-farm and basin efficiencies. In addition,

desalting. In the past, desalting combined with powercrop stressing is a high-risk strategy and leaving aaon-pro-

production almost automatically meant a distillationgramfarmlandidleiscostly.

process using waste heat from the power plant. This isThe cost of using ground water as an alternative in the
no longer true for the current RO plant designs with Tulare Lake Region includes the cost of energy for the ad-
improved membranes and energy recovery turbines,ditional pumping in the year of curtailment related to the

absence of the SDWMP and the cost of managing any ex-
Risk Management. Another long-term management strat- change programs necessary to get additional water to
egy evaluated was the explicit evaluation of risk with re- areaswithoutgroundwaterpumpingcapability.Also,be-
gard to the optimal level of use of the long-term manage-cause the Tulare Lake Region is in a condition of long-
merit options. Using this strategy calls for explicitly term ground water overdraft, the additional pumping in
evaluating the economic cost of shortages based on their single will cause an increase in pumping depth,any year
expected frequency and magnitude and in the light ofwhich will result in a long-term increase in all pumping
available contingency shortage management measures.costs. A conservative estimate of these pumping costs im-
The results of that evaluation are then used in conjunc-pactsmade for this report is $75 per AF. This estimatewas
lion with an analysis of the cost and effectiveness of avail-based on a March 1985 DWR San Joaquin District Memo-
able long-term water management measures to deter-randum Report, A Method for Estimating the Value of Sur-
mine which of these measures are reasonable from anface Water in Conjunctive Use Areas.
economic standpoint. DWR provided testimony regard-
ing the benefits of using this approach during the recentBecause of the long-term overdraft, the absence of the
SWRCB Bay-Delta Hearings (DWR 460). SDWMP will accelerate the point at which agricultural
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ground water pumping becomes uneconomical, or wateralso be a likely consequence of the absence of the
quality becomes unacceptable for crop production. TheSDWMP.
net economic cost of the future loss of irrigated acreage
was assumed to be at least as costly as the ground waterSan Francisco Bay Region

pumping alternative described above.
Water management options in this region include addi-

Municipal and Industrial Users. SWP M&I users in the tional wastewater reclamation, water exchange agree-

Tulare Lake Region were assumed to have the same capa-ments among local water agencies, and the acceptance of

bility for ground water pumping and/or contingency ex-additional economic risk. It is reasonable to assume that

change as the agricultural users in the region. The cost ofthe value of the alternatives will exceed the current value

these alternatives to the M&I users was assumed to be atof urban water of about $440 per AF. This value was ob-

least as high at the current eost of the M&I supply minus tained from a DWR water price survey.

the cost of local treatment and delivery. This value was
estimated to be $230/AF based on a DWR water price sur- Central Coast Region

vey. The situation in this region is characterized by costly water
supply options in the face of increasing use due to popula-

Sacramento River Region tion pressure. After assuming extraordinary conservation
measures, consisting of an ultra-low flush toilet retrofit

The M&I water users in this region are assumed to have program and residential water audits, a combination of lo-
access to local surface water as a supply management op-cal water supply options will be required to meet urban
tion. Using the weighted average SWP equivalent unitdemands. These options include reservoir construction
water cost of $21 per AF as a conservative alternative cost, ($800 per AF), pipeline construction ($435 per AF) and
DWR assumes that the cost of using the alternative sup-sea-water desalinization ($2,140 per AF). This conclusion
plies is at least as great as the cost of the current SWP sup-was the result of research conducted for the Coastal
ply. DWR Bulletin 132-89, Management of the California Aqueduct EIR being prepared by DWR. In light of those
State Water Project, November 1989, was the source of the costs, it seems reasonable to assume that shortage contin-
equivalent unit cost. gency demand and supply management strategies similar

to those used for the South Coast Region analysis would
South Lahontan Region be applicable to this region. Accordingly, the cost of local

alternatives in this region were assumed to be proportion-
SWP deliveries are made to this region for both agricul-al to those determined for the South Coast Region--
rural and urban uses. Because of the rapid urbanizationabout $800,000 annually.
taking place and the absence of supply options, urban us-
ers depend on both the phasing out of local agricultureAnalytical Approach for South Coast Region
and an increase in SWP deliveries to meet their future
needs. Even with the use of additional local water ex-For the purpose of evaluating the alternatives to the

SDWMP, it was assumed that the shortage managementchanges and extraordinary shortage-management pro-
grams, the growth in urban demands will result in evencontingency options available would be those which could

more frequent and severe economic losses due to short-reasonably be expected to be available during the study

ages. Without the SDWMP, this situation would be wors- period using the criteria of physical and political feasibil-

ened. ity. Because the same options would be used under condi-
tions both with and without the SDWMP--their use die-

Colorado River Region                               tated by the severity and duration of shortages--they can
be considered as alternatives to the SDWMP only in
termsof the frequency and extent of their use. It was also

Water management options in this region include addi-assumed that a risk management strategy, as described
tional waste water reclamation and water sharing with above, would be applied, whether or not the SDWMP was
agricultural users on a contingency basis. The frequencyin place.
and extent of sharing would have to be restricted to avoid
unacceptable economic impacts within the agriculturalThis approach required the use of a simulation model that
sector. The acceptance of additional economic risk wouldwould approximate, to a reasonable degree, the use of lo-
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cal contingency measures which would actually be seen inretrofit program would be used. The 40 TAF from this
response to shortages of various sizes and durations. Theprogram that would no longer be used with the SDWMP
economic cost of shortages could then be determined byin place is properly considered as the water management
tying implementation costs to the use of these meauresalternative. Also, because the economic risk--costs of
and adding these to an estimate of the economic lossescontingency measures employed and economic losses--
which would be incurred by water users after all reason- without the SDWMP would be greater, the increased risk
able mitigation measures were employed. For this study,must be considered as part of the alternative.
the value of losses to users was derived from the current

At the 2035 level of demand and without the SDWMP, lo-marginal cost of water to residential users and a recent
rcs;idential user survey on the willingness to pay to avoidcal options producing a total of 560 TAF would be needed

to meet the risk management criterion. This would bewater shortages.
provided by those options up to and including 31 TAF

Figure 3-6 is a flow chart of the Economic Risk Model. from South Coast Region ground water desalting. With
Appendix E contains a detiailed description of the logic ofthe SDWMP in place, only the options up to and including
the model, the parameters used, and the general assump-13 TAF of Riverside County drainage water desalting
lions, would be used. Those options no longer used with the fa-

cilities in place are (along with greater economic risk)
In brief, the model was run on the 57-year hydrologic re-properly designated as alternatives. These alternatives in-
cord for both year-2000 level demands and year-2035 lev-clude 29 TAF of Riverside County drainage water desalt-
el demands. The operational considerations cited pre-ingat $532perAF, and 31TAF from South Coast Region
viously, with the exception of the future operation ofground water desalting at $579 per AF.
KWB and LBG, were applicable. Two sets of runs were
made at each demand level; the only difference was the Economic Benefits
existence of the SDWMP: one set assumed their exis-

Economicbenefitsof the proposedSDWMP were deter-tence, whereas the other set did not. Within each set, runs
differed only by the amount of additional water mademined by using the Economic Risk Model directly for the

available by the use of local extraordinary long-term wa-South Coast Region and SWP agriculture contractors in

ter supply enhancement and demand management op-Kings and Kern counties. The model results were used

lions. Runs were made using increments of20TAF of ad-indirectly for the Central Coast Region. Current water

ditional local water up to a total of 1 million acre-feet, costs were used to estimate willingness to pay for water in
the San Francisco Bay, Tulare Lake, and Sacramento Riv-

For each of these runs. an expected economic loss waser regions.
computed and compared to the cost of the local extraordi-

South Coast Region Benefitsnary long-term water management options used. On this
basis, an optimal use of these options could be establishedThe benefits of the SDWMP for the South Coast Regions
using the risk management criterion. Because risk mitiga-depend on the extraordinary local water supply and de-
tion is not costless, this level of optimal use of local man-mand management options that would be employed un-
agement options still allows for an associated level of ex-der conditions with and without the proposed SDWMP.
peeled losses. Any further reduction in expected lossesEither the costs of the options which could be displaced by
would not be cost-effective compared to the higher cost of theexistenceof theproposedSDWMP, theexpectedeco-
the remaining options, nomic losses which would b.e avoided with the proposed

SDWMR or both (if appropriate), could then be properlyAt the 2000 level of demand and without the SDWMP, a
attributed to the SDWMP facilities benefits.asdecision based on risk management calls for implement-

ing local options up to and including 268 TAF from the ul-Table 3-6 was developed by using the procedure described
tra-low flush toilet retrofit program, producing a total of above for determining the optimal employment of local
320 TAF. With the SDWMP in place, only the options up options and noting the expected loss values associated
to and including 228 TAF from the ultra-low flush toilet with each of the options.
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Table 3-6
Economic Benefits of South Delta Water South CoastAnnual Management Program, Region

($Looo)
Demand Level

Benefit 2000 2035

Change in avoided losses due to reduction in use of
local options -12,473 -42,934

Avoided local option costs 11,480 33,387
Net gain from reduction in use of local options -993 -9,547
Benefit of SDWMP at optimum local option use 14,029 64,781
Adjusted benefit Of SDWMP 13,036 55,234

For the 2000 demand level, because the use of local op-~The conservative assumption of a linear build-up in de-
tions is greater without the SDWMP, the decrease in eco- mand between year-2000 and year-2035 demand levels
nomic lossesdue to the SDWMP had to be adjusted by thewas made to facilitate the computation of the equivalent
effect of the change in use of the local options. This wasannual benefits over the study period. This value was de-
done by calculating the increase in expected losses due i~)termined to be $29.5 million for the South Coast Region.
the reduction in use of the local options (a cost) and ad-The linearbuild-up is assumed to be conservative because
justing it by the a.voided cost of the options no longerof the nature of population growth in the area.
needed (a benefit). This value was then added to the
avoided losses due to the SDWMP to obtain an adjustedAgricultural Benefits for SWP Service
expected annual benefit value of about $13.0 million. ForAreas in Kings and Kern Counties ~

The Risk Model results were used directly for this benefit
2035,thisbenefitwascalculatedtobeabout$55.2million.

computation because of the conservative simplifying as-
It is important to note that the lower the use of the localsumption that benefits are constrained to the alternative
options, the higher the value of the SDWMP for reducingcost of pumping in lieu of SWP agricultural deliveries.
risk. The avoided economic loss benefit of the SDWMP
would be more than proportionally greater to the degreeThis was felt to be conservative because facilities to bring
that the extraordinary local options are not available orgroundwater through intra-agencyexchange.sare not
are more costly than assumed--an important observationavailable for all areas which do not overlie ground water.
because of the uncertainty about the environmental, le-In addition, the consequences of relying on in-lieu pump-
gat, and health aspects problems associated with some ofing in areas with critical overdraft problems were not ad-
the options, dressed by this analysis.

The model runs produced the following results for agri-
The analysis, based on marginal value of expected lossescultural losses adjusted for the avoided SWP transporta-
avoided equated to marginal costs of local water supply/tion costs (Table 3-7).
demand management options, is a conservative way of in- Table 3-7
terpreting the model results with respect to estimating the Annual Agricultural Benefits ($1~000)
benefits of the SDWME If local water managers (and us- Year
ers) are more risk-adverse than indicated by this type of 2000 2035
analysis--which is a reasonable assumption--the benefits
will be higher than indicated. Under the assumption of Expected agricultural losses

without South Delta SDWMP 12,742 21,633greater risk-aversion, the avoided cost of the local options
that would be displaced by existence of the facilities be- with South Delta SDWMP 11.617 ~

comes more important. Because it is the increasingly cos!- Avoided losses 1,125 1,579
ly options that would be displaced, the cost savings (i.e.,
benefits) arising from use of the facilities to attain the de- 3ased on this approach, the expected equivalent annual
sired level of risk become very large, benefits were calculated to be $1.3 million.
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Benefits in Other SWP M&I Service Areas benefits of the SDWMP were estimated to be about $35
million annually.

The Economic Risk Model has not been applied directly
to other SWP municipal and industrial areas because the
necessary information on either the reliability or cost of Alternatives Rejected From
local supplies, the availability and effectiveness of local Further Consideration
water supply, and demand management options was un-
available. The following regions were those in which theThis section discusses the alternative plans investigated in
major portion of the SDWMP benefits were expected to the past to meet some SDWMP objectives.
occur.

South Delta Alternatives
Central Coast Region. The situation in this area is charac-
terized by costly water supply options in the face of risingA number of physical solutions to the south Delta prob-
use due to population pressure. On the basis of thislems have been proposed in the past, but were not
knowledge, it was felt to be conservative, with respect to adopted by DWR or SDWA. Some of the alternatives
the value of the proposed SDWMP, to apply the benefitswould not be effective without the Peripheral Canal.

results determined for the South Coast Region to thi~Since the Peripheral Canal was defeated overwhelminglyand
area, This was done by assuming benefits in proportion toby the public, these alternative plans were not considered
relative entitlement. This amount was determined to befurther. The five alternatives described are: the Middle
about $800.000 annualIy. River, Roberts Island Canal, Delta-Mendota Canal, Old

River, and the SDWA plans. Details of these alternatives
San Francisco Bay Region. Average urban water rates in can be found in Alternative Solutions To Southern Delta
the North Bay SWP service area are presently about $445Water Problems, published by Reclamation, September
per Atr. For the South Bay this figure is about $415 per1980.
AF. Adjusting these values for local treatment and deliv-
ery cost plus SWP conveyance, would translate them toThe Middle River Plan consists of a 1,200-cfs pumping
about $390 and $360 per AF, respectively, at the Delta.plant in Middle River, reworking of Middle and San Joa-

Assuming these values to be year 2000-level values is con-quin rivers and control structures in Middle, Old, and San

servative. For 2035, it was assumed that they would riseJoaquin rivers. Without the Peripheral Canal, however,
linearly from year 2000 to $500 per AF, less than is cur.this plan would not significantly improve water quality.

rently being paid in Southern California high-cost areas.The Roberts Island Canal Plan consists of a 1,200-cfs
Using an average increment of yield from the proposedpumping plant in Middle River. Under the plan, 600 cfs
project to thisarea of4.8TAFin2000, rising to 7.4 TAF inwould have been conveyed through the Roberts Island
2035, the benefit value was computed to the equivalent ofCanal and flood control structure to the San Joaquin Riv-
about $2.3 million annually.

Annual Benefit
Tulare Lake Regioh. The average urban water rate present. ~ ( $ million)
ly being paid for urban water in this area is $268 per AF. M&I
Adjusting this for SWP conveyance cost and local treat- South Coast 29.5
ment and distribution results in a net value of $230 per AF.
This value was assumed to remain constant throughout Central Coast 0.8

the study period. An average increment of yield from the San Francisco Bay 2.3
proposed facilities to this area of 2.1 TAF in 2000, and ris- Tulare Lake 0.6
ing to 3.9 TAF in 2035, was used to estimate benefits. Sacramento River 0.._~2
Based on this, an equivalent annual value of $600,000 was
obtained. Subtotal 33.4

Agricultural
Summary of Annual Benefits Tulare Lake 1.3

The compilation in the following column shows the bene- Total 34.7
fits derived with the procedures described above. Total

,8
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er, and 600 cfs would flow south in Middle River through a conservation facility by more efficiently distributing the
flood control structure into Old River. The plan also in- water throughout the Delta. Such a facility would divert
cluded a reworking of Middle River and a flow control water from the Sacramento River near Hood, routing it
structure in the San Joaquin River downstream from itsalong the eastern Delta to the Clifton Court Forebay ter-
bifurcation with Old River. The Roberts Island plan minus. Releases made along the route would improve wa-
would have obtained its project water from Middle River ter quality and flow distributions within the Delta.
in conjunction with the rejected Peripheral Canal. With-
out the canal, the flows in Middle River would only ira- Peripheral Canal

prove water circulation; no new water would be broughtThe Peripheral Canal was proposed in the late 1960s as a
into the SDWA service area. Because water quality and joint-use facility of the SWP and CVP. The objective of
quantity would not improve significantly, further studiesthe project was to convey good quality water from the Sac-
concerning alternatives without the Peripheral Canalramento River to the existing SWP and CVP pumping
were not considered, plants for export and to 12 release facilities to distribute

The Delta-Mendota Canal Plan consists of a 400-cfswater from the canal to Delta channels to maintain water
pumping plant in Middle River, reworking of Middle Riv- quality within prescribed criteria and to improve the Delta

er between the old Peripheral Canal site and the pumpingaquatic environment and the resources and economies it

plant site, a flow control structure in the San Joaquin Riv-supports. However, voters rejected Proposition 9 (Senate

er, and re-channelization of the end of Westley WastewayBill 200) in June 1982, making advocacy of the plan im-

to provide 1,100 cfs from the Delta-Mendota Canal.practical.
Again, without the Peripheral Canal, the service toSome of the benefits the canal could have had on the
Middle River from Victoria Canal to Old River would be south Delta are discussed here. Additional information
quite limited. The existing channel would be cleaned outcan be found in the Draft Environmental Impact Report, Pc-
and opened up to permit increased floodflows and irriga-ripheral Canal Project, DWR, August 1974.
tion flows from Old River to move down Middle River. A
control structure in Middle River wouldbe required southAs it crossed the San Joaquin, Middle, and Old rivers, the

of Victoria Canal. Peripheral Canal would have released good quality water
into each of them. This would have provided water of ade-

The Old River Plan’s principal features consists of pump-quate quality in the south Delta in coordination with the
ing plants, control structures, re-channelization, a dis-environmental needs of the fishery.
charge canal, and a connector canal. Near the existing
Tracy Pumping Plant intake channel, a Delta-MendotaIn addition, the Peripheral Canal would have eliminated

intake pumping plant, Delta-Mendota discharge canal,direct pumping from the south Delta channels in all but

and Old River control structure would be constructed toperiods of high San Joaquin River flows. Thus, the ad-

and divert 800 cfs of water from the intake channel verse impacts of SWP and CVP operations on water levelspump
into Old River. Four alternatives considered for the Oldin the south Delta would have been eliminated.

River plan included: 1) with Peripheral and Delta-Men- Other Alternatives
dota canals; 2) with Peripheral Canal; 3) with Delta-Men-
dota Canal; and 4) with Peripheral Canal and New In Bulletin 76, Delta Water Facilities, DWR, July 1978 a
Melones Reservoir. long list of suggested alternatives was analyzed. Subse-

quently when the Peripheral Canal was defeated, DWR
The South Delta Water Agency Plan consists of three con- published a report in 1983 focusing on alternative solu-
trol structures on Old, Middle, and San Joaquin rivers;tions to the Delta water transfer problems. Some of the
channelization of Old, Middle, and San Joaquin rivers,alternatives analyzed in the 1983 report Alternatives For
and Tom Paine Slough; and diversion of up to 500 cfsDelta Water Transfer are applicable to the SDWMP objec-
through Tom Paine Slough into the San Joaquin River orfives, and they have been considered in some of the
supplemental releases from New Melones Reservoir forSDWMP alternatives.
water quality maintenance in the San RiverJoaquin at
Vernalis. One alternative in the 1983 report that was not considered

here is the dual transfer system. A dual transfer system
In each of the plans, an isolated cross-Delta facility, suchwould be a compromise for the many beneficial users of
as the rejected Peripheral Canal, could serve as a waterDelta water. Under this concept, about half the water be-
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ing exported by the SWP and CVP would flow through ex- Quality Study (Brown and Caldwell, Consulting Engi-
isting channels and half in a new channel. A new channelneers), identified water quality problems and manage-
would have been built from Hood to Clifton Court ment strategies to deal with drinking water quality. The
Forebay to transfer all SWP flows in all but the high-flow, alternatives analyzed ranged from minor modification of
high-diversionmonths. This facility could have followed water project operations to major modifications of water
the same alignment as the Peripheral Canal but with onlyproject facilities. The results of the study show that alter-
one-third the capacity. Except for small areas to the east,natives that receive water upstream of the Delta would
Delta water needs would have been met from flow provide drinking water of higher quality than that of the
through existing channels rather than canal releases, existing supply. The report provides updated information

for the Peripheral Canal assessment. In addition, recentIn recent years, drinking water quality has become a grow-
ing concern. Organic contaminants have also become ananalysis by DFG through negotiations (Article VII) has
important issue. A May 1989,report, Delta Drinking Water shown favorable aspects for an isolated transfer system.
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Chapter 4. ENVIRONMENTAL SETTING

This chapter describes the geographic areas related to theCalifornia. Outflows continue westward out of the Delta
South Delta Water Management Program (SDWMP). and through a gap in the Coast Range at Carquinez Strait
Because of the interdependence of water supplies andinto San Francisco Bay and the Pacific Ocean. Suisun
uses in the State, such areas cover a large part of Califor-Marsh and adjoining bays are the brackish transition be-
nia. The areas described are: tween the fresh water flowing from the rivers and the salt

water of the bay and ocean.
¯ South Delta Region.

The estuary water quality and tidal hydraulics are corn-¯ Delta Region. plex. The factors involved are river inflow, tidal action,
¯ Suisun Marsh Area. channel depth, wind conditions, barometric pressure, lo-

cal and project diversions, outflows, local agricultural
¯ San Francisco Bay Area. drainage, and pollutant discharges. However, theprimary

¯ Sacramento Valley.
controls of hydraulic conditions in the Bay system are
tides and fresh-water inflow. Tides originating in the Pa-

San cific Ocean enter San Francisco Bay through the GoldenJoaquinValley.
Gate, where the average tidal range is 5.7 feet. The vol-

¯ State Water Project (SWP) service areas in North and ume of water entering and leaving the Bay system during
South San Francisco Bay, Central Coast, San Joaquineach 6.2-hour flood or ebb tide averages about 1.1 million
Valley, and Southern California. acre-feet (AF).

¯ Central Valley Project (CVP) Service Areas in the South Delta Region
Central Valley and Contra Costa County.

The SDWMP directly involves the Sacramento-San Joa-The south Delta study area is the portion of the Delta ap-
quin Delta, which is the eastern part of an interconnectedproximately southwest of Stockton. Included in this area
estuary system that includes the Suisun Marsh and theare the South Delta Water Agency (SDWA) and the ex-
San Francisco Bay complex. An overview of the estuary is port facilities of the SWP and the CVP. The area within
presented below, followed by specific discussions of eachthe SDW/Cs boundaries comprises about 150,000 acres;
of the areas listed above. 120,000 acres are used for agriculture. The remainder of

the area consists of waterways, levees, and residential, in-
Overview dustrial, and municipal lands.

The 12 counties surrounding the Bay/Delta estuary en-In the south Delta, the Department of Water R~sources

compass a diversified and vital metropolitan and agricul-(DWR) operates Clifton Court Forebay, John E. Skinner
rural region. The population in these counties is increas-Fish Protective Facility, Harvey O. Banks Delta Pumping
ing. The estuary supports one of California’s most impor-Plant, and South Bay Pumping Plant. Clifton Court
tant aquatic ecosystems. The mild temperatures and am-Forebay presently has a surface area of 2,180 acres. The
pie waterways also make it one of the most popular sportsforebay gates operate tidally with the gates generally
fishing and recreational boating areas in California. closed during low tide. The fish protective facility, located

between the forebay and Banks Pumping Plant, consists
The Delta is situated near the center of the Central Valley of primary and secondary louver systems to divert fish into
at the confluence of the Sacramento and San Joaquin riv-holding tanks, from which they are returned to Delta wa-
ers. The Delta is a unique and valuable resource that pro-ters by special tank trucks. The seven existing pumps at
vides important environmental, economic, and water sup-the Banks Pumping Plant can divert up to 6,400 cubic feet
ply benefits to many Californians. per second (cfs) from the forebay. With four additional

pumps under construction, the physical pumping capacity
Tributary inflow provides for local consumptive use, pro- will increase to 10,300 cfs. South of the Banks Pumping
tective Delta outflow requirements, and exports for use Plant, the South Bay Pumping Plant pumps a maximum
elsewhere in the State from the Bay area to Southernflow of 300 cfs to various south Bay areas. The California
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Aqueduct has the capacity to carry the remaining 10,000aboriginal way of life before much ethnographic informa-
cfs south to San Luis Reservoir. tion could be obtained.

Also in the study area, CVP exports water from its Rock A Class I archeological survey, consisting of a records

Slough and Tracy pumping plants. The two plants havesearch of previous surveys in the area, was conducted. Fif-

pumping capacities of 300 cfs and 4,600 cfs, respectively,teen archeological sites and one historic location were

At Rock Slough, water is diverted into the Contra Costa identified in the study area.

Canal to serve municipal and industrial users in ContraA Class II sample survey was conducted to determine the
Costa County. Farther south, water is diverted directlyresources present in the study area that maybe affected by
from Old River by the Tracy Pumping Plant into the Del-
ta-Mendota Canal, which exports water to the Central

the project. As part of the Class II survey, records of the
sites identified in the Class I survey were identified in an

Valley. Fish are salvaged at the Tracy Fish Collecting Fa-effort to determine the relationship between sites and
cility, landforms.

In addition, more than 500 unscreened pumps and siphonsIt has been established that areas of higher relief, those
divert water directly from channels to south Delta agricul- presently above sea level, have a high probability for the
tural water users. The peak summer monthly agriculturalpresence of prehistoric sites. Areas that prior to reclama-
diversions in the area total about 1,000 cfs. tion were uninhabitable tidal marsh are defined and ex-

cluded from further surveys. Areas of high relief are lo-
Recreation cated and surveyed.

There are about 15 existing recreational facilities in theResearch of historic documents indicates that the first ca-

south Delta, including several large marinas. The southnals and levees were built in the 1850s. The records indi-

Delta channels are heavily used for boating and othercate that most of the area was in agricultural use by the

water activities. A survey taken on a summer holiday inlate 1800s. Further historic research and field investiga-

1988 showed more than 1,100 boats passing four surveytions are part of the Class II sample survey.

sites. It is estimated that about 25 percent of the recrea-Findings of the Class II sample survey will help determine
tion in the Delta occurs in the south Delta area. whether, and where, a Class III intensive survey is need-

Issues involving recreation in the south Delta are dis-
ed.

cussed in detail in Chapter 1. A detailed discussion andFish and Related Habitat
recommendations for recreational facilities are presented
in Appendix L. Several species of anadromous and resident fish found in

the Delta are also present in south Delta channels. The
Cultural Resources principal species are Chinook salmon, striped bass, steel-

head, American shad, sturgeon, catfish, and sunfish. The

The Indians who lived in the south Delta area at the timeDelta fisheries are affected by the dissolved oxygen, water

of European contact are known as the Nochochomnequality, and temperature in the channels.

North Valley Yokuts. The approximate area they inhab- These and other biological resources are discussed in
ited was between the San Joaquin River on the east; Old
River on the west; south of the confluence of the Old, Chapter 5.

Middle, and San Joaquin rivers at the north; and to about
the branching of these three rivers in the south.

Wildlife and Related Habitat
The first contact with Europeans was made by Spanish ex-
peditions in the first decade of the 19th century. Many ofNearly all the land on the islands in the south Delta con-
the Indians were drawn into the missions. This, coupledsists of irrigated agriculture. The natural vegetation on
with the effects of European diseases and the onslaught ofthe river banks has been modified in most places due to
settlers after the 1849 gold rush, effectively destroyed theconstruction and maintenance of levees. Habitat or cover
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types in the south Delta are agriculture, forest, riparianvegetation. The east side levee on Coney Island supports
forest, riparian scrub-shrub, emergent freshwater marsh,blackberry and willow thickets.
and heavily shaded riverine aquatic.

Salmon Slough. This narrow waterway supports dense
The California Natural Diversity Data Base (CNDDB) marsh with little open water.
classifies the emergent freshwater marsh as part of the
Coastal and Freshwater Marsh plant community. TheMiddle River. The levees of the portions of the Middle

CNDDB has assigned this community one of its highestRiver within the study area are mostly rip-rapped and

priority classifications because agricultural and urban de-support only small areas of blackberry thickets, pampas

velopment has destroyed more than 90 percent of thegrass, and other introduced weeds. The channels are bor-

of this in the Central dered mainly with thin strips of emergent vegetationoriginalacreage community Valley.
The CNDDB classifies the forest and riparian forest as dominated by bulrush, cattails, and shrub willows. About

Great Valley Oak Riparian Forest. The CNDDB has also 130 acres of islands of dense bulrush and cattail occur

assigned this community one of its highest priority classifi-throughout the canals and Middle River, representing the

cations because nearly 90 p~rcent of the acreage of thishighest-quality habitat in the study area. Some of the

community has been destroyed and only 2.5 percent of thelarger islands have scrub-shrub and forest habitats con-

remaining habitat is in an apparently unaltered condition,sisting mainly of young willow and cottonwood stands.

Victoria and North Canals. These are parallel dredgedThe heavily-shaded riverine aquatic habitat is a relatively
scarce but important habitat in the south Delta. It occurschannels partially separated by an old berm down the cen-

where substantial woody vegetation overhangs a slough orter. The center berm is inundated to varying degrees, and

river with continuously or periodically moving water. The supports a substantial growth of tules. The bordering lev-
ees are partially vegetated with willows, blackberries, andfollowing describes the habitat of the project areas:
grasses.

Old River. The levee banks and islands of Old River sup- Woodward and North Victoria Canals. These are parallel
port fragments of riparian forest. The riverbank has beendredged channels similar to Victoria and North canals, ex-
cleared of vegetation in places, but in other less disturbedcept that the levees are almost entirely cleared of vegeta-
reaches of the fiver are some very large valley oaks, mixed tion.
with cottonwoods, and tree and shrub willows. There is an
understory of wild rose, poison oak, and wild grapes. Sig-Byron Tractand Coney, Union, and Victoria Islands (CIO?onnificant stands of willow thickets were cleared from the Court Forebay Expansion Area). These lands are almost
Victoria Island levee in 1987. Patches of fresh-water entirely devoted to agriculture. Scattered patches of
marsh also occur along Old River, primarily along the up-blackberry, cattail, and bulrush occur occasionally along
stream reaches. Ten low-lying instream islands occur inthe small irrigation canals and drainage ditches which cut
the reach of Old River on the east side of Coney Island.across the fields. At Byron Tract, there is a small stand
These islands, mostly heavily vegetated with willows and(less than one acre) of young willows and cottonwoods in
tules, range in size from 3 to 40 acres, one ditch south of Discovery Bay.

Kings, Eucalyptus, and Widdows islands lie on the westRare, Threatened, and Endangered Species
side of Old River north of Coney Island. Kings Island is
occupied by cabins. Widdows and Eucalyptus islands areRare, threatened, and endangered plant and animal spe-
flooded due to levee breaks. Heavy growths of bulrushcies which may occur in the project area are shown in Ta-
and willows occur in backwaters of this area, and Eucalyp- ble 4-1. The table also lists species which are candidates
tus Island also has a row of 100-foot tall eucalyptus trees,for listing as rare, threatened, or endangered by the U.S.
A heron and egret rookery with at least eight active nests Fish and Wildlife Service (USF&WS) and the Depart-
occurs in trees on this island, ment of Fish and Game (DFG).

West Canal. This is a 2-mile excavated channel which cuts Field surveys for rare, threatened, and endangered spe-
off an oxbow of the Old River. Except for a few widely cies were done in 1987 and 1988. The are dis-surveys
scattered valley oaks, the west side levee is mostly clear ofcussed in more detail in Appendixes F and H.
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Table 4-1
Rare, Threatened, and Endangered Species Potentially Occurring in the South Delta Project Area

Scientific
Common Name Name Status* Distribution Habitat

PLANTS

Suisun Marsh aster Aster chilensis C2 San Pablo Bay, Suisun Marsh,Dense vegetation,
lentus western Delta stabilized substrate

Delta button celery Eryngium C2, SE San Joaquin, Stanislaus, Seasonal wetlands
(Delta coyote thistle) racemosum & Calaveras counties

Slough thistle Cirsium crassicaule C2 Delta; Kern & Kings counties Upland areas

Mason’s lilaeopsis Lilaeopsis masonii C2, SR Delta Mudbanks

California hibiscus Hibiscus C2 Delta & Central Valley up to Freshwater marsh
californicus Butte County

Delta rule pea Lathyrus jepsonii C2 Delta Freshwater marsh
jepsonii

ANIMALS

San Joaquin kit fox Vulpes macrotis rnutica FE, ST From South San Joaquin       Grasslands in north;
Valley foothills north through alkali sink in south
undeveloped valley & foothill
lands into southern Contra
Costa County

California black rail Laterallus jamaicensis C2, ST Coast from Marin County to Fresh and salt water
coturniculus north Mexico; inland marshes marshes

Tricolored blackbird Agelaius tricolor C2 Central Valley & Sierra Marshes, flooded
Nevada foothills lands, margins of

ponds, grassy fields

Swainson’s hawk Buteo swainsoni ST Lower Sacramento and San Grasslands, irrigated
Joaquin valleys; Klamath Basin; pastures, and open
Siskiyou County. Winters in fields near trees
South America for nesting

Giant garter snake Thamnophis couchi gigas C2, ST Fresno County north throughFreshwater marsh,
the Central Valley; east Delta riparian areas, rice

fields, canals

Western pond turtle Clemmys marmorata C2 Throughout California west Ponds and waterways
of Cascade-Sierra crest lined with emergent

vegetation

(Continued on next page)
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Table 4-1 (Continued)
Rare, Threatened, and Endangered Species Potentially Occurring in the South Delta Project Area

Common Name Name Status* Distribution Habitat

ANIMALS (continued)

California tiger Ambystoma tigrinum C2 Sonoma to Santa Barbara Reservoirs, ponds,
salamander californiense counties pools, lakes, and

slow-flowing streams
in grasslands and
open woodlands

California red-legged Rana aurora draytoni C2 Coast, Transverse, Cascade, Quiet, permanent
frog ’ and Sierra Nevada ranges water in woods,

forest clearings,
riparian areas,
grasslands

Valley elderberry Desrnocerus californicus FT I_~wer Sacramento Valley Elderberry bushes in
longhorn beetle dimorphus north to Red Bluff riparian areas

Sacramento anthicid Anthicus sacramento C2 Yolo, Solano, Butte, & Sand dunes near
beetle Sacramento counties rivers

Curved-footed hygrotus Hygrotus curvipes C2 Contra Costa County Shallow ponds
diving beetle

Delta smelt Hypomesus transpacificus C1, SC Suisun & San Pablo Bays in Salinities usually
early fall; spawns in channels less than 2 parts
& dead-end sloughs, per thousand
December through April

Sacramento splittail Pogonichthys (C2) Suisun Bay from February-- Slower currents;
macrolepidotus April; spawns in upstream tolerates brackish

deadend sloughs Jan-July water

Sacramento perch Archoplites interruptus (C2) Sacramento-San Joaquin Needs beds of rooted
Delta; Russian River; & emergent aquatic
Scattered lakes & vegetation; tolerates
reservoirs alkaline water

Chinook salmon Oncorhynchus FT, SE Sacramento River system Cool fresh water with
(winter-run) tshawytscha access to ocean

*Status: FF = federal threatened; FE = federal endangered; C1 = federal candidate with sufficient data to support federal listing;
C2 = federal candidate currently without sufficient data to support federal listing; ST = State threatened; SE = State endan-
gered; SR = State rare; SC = State candidate for protected status; (C2) = Currently being recommended by the Sacramento
Endangered Species Office that the species be proposed as a C2.
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Plants. Twenty-one populations of Mason’s lilaeopsisThe nearest known nesting colony is about 5 miles east of
were found in the project area, growing mainly on erodedthe project area. Habitat which may be suitable for nest-
mudbanks. The greatest density occurred on islands ining is found in cattail/tule stands along the watercourses
Middle River. An extensive colony was also found on a and in scattered areas of mustard bordering agricultural
tule island at the north end of West Canal. All other fields. Removal of extensive blackberry and riparian
populations were isolated patches of less than threethickets along the levees of Victoria Island in 1987 re-
square feet. duced the amount of potential nesting habitat available

for this species. The amount of emergent marsh vegeta-
California h~iscus was found at 18 locations scatteredtion in the project area is probably not large enough for
throughout the project area. Large and continuous popu-winter roosting.
lations of California hibiscus were found in Middle River.
Individual plants were found in other locations. No giant garter snakes were observed in the project area.

However, a suitable habitat consisting of marsh and
Two populations of Delta tule pea were found in Middle streamside riparian vegetation is widespread in the pro-
River on rule islands. ~ ject area. Areas of suitable habitat include vegetated lev-

ees, vegetated islands and mid-channel berms, and vege-
No populationsofSuisunMarshaster, Delta Coyote this-tater irrigation canals and drains within agricultural
tle, or slough thistle were found, lands. Virtually all islands and channels in the study area

contain some suitable habitat. There are records of giant
Animals. Spotlighting and track plates were used togarter snakes from similar habitats in the Delta. Because
search for San Joaquin kit fox in the proposed forebay ex-this snake is very wary and difficult to census, it may occur
pansion area north and west of Clifton Court Forebay. Noin the project area despite the lack of sightings.
kit fox were observed in the study area, nor did the track
plates reveal any canid tracks. One kit fox was observedWestern pond turtles were observed in Old and Middle
about 2 miles south of Byron Tract near Bethany Reser-rivers. Suitable habitat occurs along all watercourses in
voir, an area occupied by kit fox in 1982. the project area.

Four active Swainson’s hawk nests were found in treesNo California tiger salamanders or California red-legged

along Old River in the study area. A non-nesting pair offrogs were found nor does suitable habitat exist in the pro-

Swainson’s hawks was also seen along Old River. Nestingject area. These species require quiet, still water for

habitat in the project area is generally of poor quality be-breeding. The major waterways in the project area are too

cause riparian trees are limited in number and size. Atdeep and swift and many of the irrigation ditches are kept

least one pair of red-tailed hawks (which begin nestingclear of aquatic vegetation. The surrounding lands are in-

earlier than Swainson’s hawks) nests in the project area,tensively cultivated.

further limiting nesting habitat available for Swainson’sNo field surveys were conducted for the winter run Chi-
hawks, nook salmon, the Delta smelt, or the Sacramento split-

tail. These fish are present in the project area, as evi-
Black rails were heard calling from two islands within the denced by their regular appearance in fish diversion facili-
project area in Middle River north of Woodward Ferry. ties at Clifton Court Forebay. The winter run Chinook
The habitat on the islands consists of dense cattails andsalmon has recently been listed as an endangered species
tules on relatively firm soil apparently inundated only byby the State, and has a federal emergency listing asthe highest tides. In the project area, this habitat type onlythreatened.
occurs along Middle River. Emergent marsh in other
parts of the study area grows from inundated substrateNo field surveys were conducted for the Sacramento
probably not suitable for black rails. Previously, cattail/perch. Sacramento perch have not been seen in the Delta
tule marsh was not regarded as appropriate habitat forsince the 1970s. DFGbiologists regard the species as pos-
black rails, sibly extirpated from the Delta.

No tricolored blackbird individuals or nesting coloniesA few isolated patches of elderberry shrubs, host plant to
were observed in the project area. Tricolored blackbirdsthe Valley elderberry longhorn beetle, were found in the
can shift their nesting locations from one year to the next. riparian woodland along Old River, downstream from its
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confluence with Salmon Slough. No larval exit holes wereAlthough no major cities are entirely within the Delta, it
found in the stems. The nearest known locality of the bee-does include a portion of Stockton, Sacramento, West
tie is about one mile east of the project area. Sacramento; the small cities of Antioch, Brentwood, Is-

leton, Pittsburg, and Tracy; plus about 14 unincorporated
No Sacramento anthicid beetles were observed in the pro-towns and villages. The population in the legal Delta is
ject area. No loose sand dune habitats appropriate forabout 200,000, most of it in upland areas on the eastern
this species were seen. However, an island under privateand western fringes. The Stockton area, on the east, and
ownership in Middle River off the southeast corner of the Antioch-Pittsburg area, on the west, have undergone
Woodward Island may have a suitable dune habitat for thissteady industrialization and urbanization. Most Delta is-

are sparsely populated; some, includingbeetle. lands however,
Byron Tract and Bethel Island have large urban communi-

No curved-footed hygrotus diving beetles or appropriateties.
habitat were observed in the fgroject area. This species has
only been found once, in a pool near Oakley, about 13Several municipal and industrial water users in the west-
miles from the project area. It is possible that suitableern Delta maintain dual supply systems for fresh water--
habitat exists in small drainages in agricultural areas onoff-shore diversion and the Contra Costa Canal. Off-
the islands considered for forebay expansion, shore water is used when the quality is adequate for the

Delta Region intended use, and Contra Costa Canal supplies are used
when offshore quality is degraded below acceptable limits

The Delta has legal boundaries established in Californiadue to low Delta outflows. The Contra Costa Canal is the
sole source of municipal water for other Contra CostaWater Code Section 12220 and shown on Figure 4-1. The

Delta is generally bordered by the cities of Sacramento,Water District customers.

Stockton, Tracy, and Pittsburg. The 738,000 acres in the
Delta are part of the largest estuary in California. The Delta agricultural water users divert directly from the

former wetlands have been reclaimed into more than 60channels, using more than 1,800 unscreened pumps and
siphons, which from 4 to 30 inches in diameter, andislandsand tracts, largely devotedto farming (about vary

520,000 acres), which produce an average gross income ofwith flow rates of 4 to about 200 cfs. Total diversions vary

about $375 million. The Delta is interlaced with about 700between 2,500 and 5,000 cfs during April through August,

miles of waterways. The network of levees totals about with maximumrates July.

1,100 miles and protects the islands and tracts, almost all
of which lie below sea level. The climate of the Delta area is Mediterranean with

warm, rainless summers and cool, moist winters~ The an-
Protection of certain islands from flooding is particularlynual rainfall varies from about 18 inches in the eastern
important because of the threat to life and property, theand central parts to about 12 inches in the southern part.
presence of utilities and highways, and water quality deg-Ocean winds enter the Delta through the Carquinez
radation from the sudden intrusion of brackish water fromStrait and are very strong at times in the western Delta.
the Bay. Long-term water supply problems could occur
should a Delta levee break, particularly if an island wereThe Delta is basically a fresh-water environment, which
allowed to remain flooded and no remedial action wereserves as a migratory route and nursery area for Chinook
taken. Evaporation from a flooded island exceeds thesalmon, striped bass, sturgeon, American shad, and steel-
consumptive use of an equivalent area of irrigated farm-head trout. Numerous resident warmwater fish include
land by about one or two feet per year. This increasecatfish, sunfish, and minnows. White catfish are heavily
would require the State and federal water projects to re- fished by anglers casting from the banks.
lease more upstream water from storage to repel salinity
intrusion. Permanent flooding of certain islands in theThe Delta also animalssupportsmany andbirds theri-
western Delta (where brackish water and fresh water parian and upland habitats. The Delta contributes about
meet) could increase the upstream movement of ocean20 percent of the pheasant population taken by Calffornia
salts, requiring the projects to provide more outflow to re-hunters each year. The area also serves as a feeding and
pel the salts and maintain water quality in the Delta and atresting area for millions of ducks, geese, swans, and other
the pumps, migrant waterfowl.
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Ten listed rare, threatened, or endangered vertebratemouse and the California clapper rail; one rare species,
species are known to live in the Delta, but none is con-the California black rail; and one species being proposed
fined exclusively to that area. Six are birds--the baldfor protection, the Suisun song sparrow, probably occur
eagle, American peregrine falcon, Swainson’s hawk,in the Marsh.
California black rail, Aleutian Canada goose, and Califor-
nia yellow-billed cuckoo. Two are mammals--the salt- Most fish in marsh channels are striped bass. Other
marsh harvest mouse and the San Joaquin kit fox. One--anadromous species sometimes found in the marsh in-
the giant garter snake--is a reptile, and one--the winterdude Chinook salmon, sturgeon, American shad, and
run Chinook salmon--is a fish. There are three endan-steelhead trout. The marsh is also an important nursery
gered or threatened invertebrate species in the Delta: thearea for striped bass. Catfish also support a sport fishery.

Valley elderberry longhorn beetle, Lange’s metalmarkWaterfowl are attracted to the marsh by the water and thebutterfly, and the Delta green ground beetle. Twelve rare
or endangered plant species, most of which are associatedabundance of natural food plants, most valuable of which

with fresh water marshes, can also be found in the Delta.are alkali bulrush, fat hen, and brass buttons. Growth of
such plants depends on proper soil salinity, which is af-

A complete list of Delta plant and animal species is con-fected by salinity of applied water. Freshwater flows from

tained in Sacramento/San Joaquin Delta Wildlife Habitat the Delta into Suisun Bay and Marsh channels from Octo-

Protection and Restoration Plan, California DFG and U.S. ber through May affect marsh salinities and waterfowl

Fish and Wildlife Service, December 1980. food production.

The Suisun Marsh is protected by several standards,
The Delta’s abundant water, fish, wildlife, cultural, andagreements, and facilities. Among them is Water Rights
historical resources make it a major recreation area. Decision 1485, which requires the SWP and CVP to miti-

gate their impacts on the marsh by meeting specific stan-Thereareabout20publicandmorethan100commercial
recreation facilities in the Delta. Demand for and use of dards for the Sacramento River at Collinsville and seven
these facilities continue to grow. other stations in the marsh. As allowed by Decision 1485,

facilities have been constructed from in-to providewater
Suisun Marsh ternal channels to certain wetland areas. In addition,

DWR, Reclamation, the DFG, and the Suisun Resource
Suisun Marsh, one of the few major marshes remaining inConservation District signed a Suisun Marsh Preservation
California, is at the northern edge of Suisun Bay, just westAgreement in 1987 to assure that a dependable water sup-
of the confluence of the Sacramento and San Joaquin riv-ply will be maintained in the marsh to produce duck food
ers and south of the City of Fairfield. The primary man- and to preserve other habitat.
aged area contains 58,600 acres of marsh, managed wet-
lands, and adjacent grasslands, plus 29,500 acres of bays
and waterways. An additional 27,900 acres of varying land
types acts as a buffer zone.

Most of the managed wetlands are enclosed within levee
systems, and about 70 percent are privately owned by
more than 150 duck clubs. The California DFG owns and
manages 14,000 acres. Another 1,400 acres on the channel
islands is owned by the federal government.

Waterfowl are the marsh’s major wildlife. Ducks, geese,
swans, and other migrant waterfowl use the marsh as a
feeding and resting area. As many as 25 percent of Calif-
ornia’s wintering waterfowl inhabit the marsh in dry win-
ters. The marsh also supports 45 species of mammals, 15
species of reptiles and amphibians, and 230 species of
birds. Two endangered species, the salt marsh harvest Migrating Birds
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San Francisco Bay Area

San Francisco Bay -- including Suisun, San Pablo, Cen-
tral, and South bays -- extends about 85 miles from the
east end of Chipps Island, near the City of Antioch west- ~ .i ........
ward and southward to the mouth of Coyote Creek, near ¯

the City of San Jose (Figure 4-2). The Golden Gate con-
nects San Francisco Bay with the Pacific Ocean.

The surface area of San Francisco Bay is about 400 square
miles at mean tide, about a 40 percent reduction from its
original size. The reduction is due to fill. Most of the
Bay’s shoreline has a flat slope, which causes the inter-
tidal zone to be relatively large. The volume of water in
the bay changes by about 21 percent from mean higher-
high tide to mean lower-low tide. The depth of the bay
averages 20 feet overall.

The principal source of fresh water in San Francisco Bay is
outflow from the Delta. Delta outflows vary greatly ac- City of San Francisco

cording to month and hydrologic year type. Historic
Delta outflow has dropped to zero during critically dry pe-North Bay, Mokelumne, Petaluma, and Santa Rosa-
riods such as 1928 and 1934. Present summer Delta out-Sonoma aqueducts; Contra Costa and Putah South ca-
flows are maintained by upstream reservoir releases. Al- nals; Cache Slough Conduit; and the San Felipe Project.
though annual Delta outflow has averaged 24 millionMore than 60 percent of the water is imported from Delta
acre-feet (MAF) from 1977 to 1986, it has varied from less supplies.
than 2.5 MAF in 1977 to more than 64 MAF in 1983.

The bays and surrounding lands support a wide variety of
Other significant sources of fresh-water inflow to San fish, migratory birds, and mammals. The anadromous
Francisco Bay are Alameda Creek, Napa River, Petalumaspecies of fish include Chinook salmon, striped bass, stur-
River, Coyote Creek, Guadalupe River, Walnut Creek,geon, American shad, and steelhead trout. Marine fish,
and Sonoma Creek. These tributaries make up a total av-found mainly in the lower bays, include flatfish, sharks,
erage annual inflow of about 350,000 AF. Streamflow isand surf perch. Shellfish in the San Francisco bays include
highly seasonal, with more than 90 percent of the annualmussels, oysters, clams, crabs, and shrimp. Seasonal vari-
runoff occurring during November through April. Many ations in salinity in the bays, due to varying Delta out-
streams often have very little flow during mid- or late flows, affect the seasonal distribution of fish and inverte-
summer, brates.

Nine counties surround the San Francisco Bay: Matin,Several rare and endangered animal species found in the
San Francisco, San Mateo, Santa Clara, Alameda, Contraarea include the Alameda striped racer, salt marsh hat-
Costa, Solano, Napa, and Sonoma. In 1987 the Bay areavest mouse, San Francisco garter snake, California clap-
became the fourth in the California blackrail, andlargest metropolitanarea per rail, California yellow billed
United States. The total 1988 population was about 5.8cuckoo.
million and is projected to reach 6.2 million by 1995 and
6.7 million by 2005. Mild temperatures and brisk winds make San Francisco

Bay one of the world’s favorite recreational boating areas.
Water requirements in the Bay area are met by 1) localMore than 150,000 recreational boats were registered in
surface and ground water supplies, and 2) imported sur-the Bay Area in 1987. Other water-oriented recreation
face water. The conveyance systems that bring the areaincludes sight-seeing, picnicking, fishing, nature walking,
the majority of its water are: Hetch Hetchy, South Bay, and camping.
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Sacramento Valley Chinook salmon, migrate through the Delta to use Sacra-
mento Valley streams for spawning.

The Sacramento Valley encompasses the drainage areas
of California’s largest river, the Sacramento. Valley landsEight terrestrial habitat types are found within the Sacra-

comprise the western drainage of the Sierra Nevada andmento Valley, including coniferous forests, hardwood

the Cascade Range, the eastern drainage of the Coastforests, chaparral and mountain brush, pinion and juni-
and the valley floor (34 percent of the basin). The per, grass and forbs, desert shrubs, cultivated and pastureRanges,

overall valley includes the McCloud and Pit River basins,lands, and barren ground. Interspersed with the terres-
trial habitats are four aquatic habitat types: the Delta, ti-the portion of Goose Lake Basin within California, and

the American River and Putah Creek drainage. Otherparian, marshland, and open water. These habitats sup-

major river basins are those of the Feather, Yuba, andport hundreds of species of mammals, amphibians, rep-

Bear rivers (which flow from the Sierra Nevada) and Cot- tiles, birds, and plants, including rare and endangered

tonwood, Stony, and Cache creeks (which drain the Coastspecies.

Ranges). For more information on plant and animal life in the Sac-
ramento Valley, see the Water Quality Control Plan Report

Ground water is pumped from 21 principal basins, most offor Basins 5A and 5B, State Water Resources Controlwhich underlie the valley floor. The safe ground water
Board (1975).yield is about 1.6 MAF per year, and the annual overdraft

is about 140,000 AF. San Joaquin Valley

The 1985 population for the Sacramento Valley region ex-The San Joaquin Valley, the largest single block of irri-
ceeded 1.8 million. Urban areas include Sacramento,gated land in California, comprises two hydrologic re-
West Sacramento, Redding, Chico, Davis, Placerville,gions: the San Joaquin River and Tulare Lake. The San
Woodland, Roseville, Yuba City, Auburn, Marysville,Joaquin River Basin, locatedjustsouthoftheSacramento
Oroville, Willows, Red Bluff, Quincy, Nevada City, and River basin, comprises the northern part of the San Joa-
Alturas. quin Valley, whereas the Tulare Lake Basin, essentially a

closed basin, comprises the southern part of the valley.
Agriculture (primarily irrigated) is the major economic
activity in the Sacramento Valley and surrounding foot-The San Joaquin River basin portion of the valley is
hills. Industrial activity is closely allied with agriculture drained by the San Joaquin River, which flows into the
and, more recently, with national defense. PopulationDelta and San Francisco Bay. Principal tributaries of the
growth has given rise to many service industries. Lumber-San Joaquin River include the Stanislaus, Tuolumne,
ing and timber industrial installations are centered in the ~-~
Sierra Nevada, Cascade Range, Modoc Plateau, and a
portion of the Coast Ranges. Plants that process logging ......-
and milling residues to form timber byproducts are lo- ~ .........~
cated throughout the valley. Other industries are en- .........." :~ " ~: .......
gaged in extraction or mining and production of natural
gas, clay, limestone, sand, gravel, and other minerals.

Water resources in the valley have been developed exten-
sively for a wide range of purposes. Water is also imported
into the valley from the Truckee and Cosumnes rivers and
from the Trinity River Division of the CVP. The first two
importations are small, but the third is substantial.

The environment in the estuary is directly affected by in-
dustrial and agricultural growth in the Sacramento Valley
and the accompanying reduction in both quantity and
quality of water flowing into the Delta. Several species of
anadromous fish, including the endangered winter-rnn Agriculture in the San Joaquin Valley
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Merced, Chowchilla, and Fresno rivers, all originating in SWP Service Areas
the Sierra Nevada. In the Delta, the Cosumnes,
Mokelumne, and Calaveras rivers--which also originateThe 30 long-term water supply contractors of the SWP
in the Sierra--become part of the San Joaquin River be-are organized into six service areas: Feather River, North
fore it joins the Sacramento River. Bay, South Bay, Central Coast, San Joaquin Valley, and

Southern California (Figure 4-3). These areas vary
These Sierra streams provide the northern part of the Sanwidely in size, location, climate, and population.
Joaquin Valley with high-quality water and most of its sur-
face water supplies. Most of this water is regulated by res-The Feather River service area has area-of-origin priori-
ervoirs and used on the east side of the valley, but some isties for SWP supplies. The other service areas are de-
diverted across the valley to the Bay area via thescribed briefly in this section. Detailed environmental
Mokelumne Aqueduct and the Hetch Hetchy Aqueduct. and socioeconomic profiles of these areas may be found in
The streams flowing into the valley from the west are in- the SWP Service Area Impact Study, May 1985.
termittent, often highly mineralized, and contribute little
to water supplies. North Bay Service Area

The Tulare Lake Basin, at the southern half of the SanThe North Bay service area is located at the northern end

Joaquin Valley, comprises the Kings, Kern, Tule, andof San Francisco Bay. Napa and Solano counties make up

Kaweah river basins. These four rivers drain westward the total service area and encompass 1.1 million acres.

from the southern Sierra Nevada and terminate in theAbout 64,000 acres were in urban use in 1980.
Tulare Lake or Buena Vista Lake beds. Dams on each of
these rivers provide flood control and water supply forAn estimated 95,000 people live in Napa County, primari-

ly in the Napa Valley communities. The population ofgroundwater rechargeand for urban and agricultural Solano County is about 303,500 and is distributed among
uses. seven cities and scattered rural areas. The California De-

The valley’s long growing season, mild and semi-arid cli-partment of Finance has projected that Solano County

mate, good soils, and available water provide conditionspopulation will grow 10 percent between 1988 and 1990.

suitable for a wide variety of crops. Major crops include Napa County is well known for its production of wines and
brandies. There is also a substantial livestock and dairy in-cotton,grapes,tomatoes,hay,sugarbeets,andvariousor-

chard and vegetable crops. Agriculture and closely re-dustry. Solano County agriculture centers on field crops,
later industries provide the economic base that supports awith substantial values of fruit and nut crops anda signifi-
large and growing population. The population in the val-cant livestock industry. Heavy water-using industries in-
ley grew from 1.7 million in 1970 to 2.5 million in 1985.dude two meat packing companies and a cannery in
Urban areas include Fresno, Bakersfield, Visalia, andDixon, a refinery in Benicia, a brewery in Fairfield, and
Modesto. two food processors in Vacaville. Two major defense fa-

Water to the valley from the Sierra Nevada is limited andcilities are located in the region: Mare Island Naval Ship-

there is an annual overdraft of ground water. Imported yard and Travis Air Force Base.

water, generally ranging from 200 to 500 mg/1 total dis-Napa County’swater supplycomesfrom the NorthBay
solved solids, is used mainly on the west side. Water usedAqueduct, several small reservoirs, and a number of
on the east side is generally of better quality than thatsprings and wells.
used on the west side and in the valley trough areas. In
most parts of the valley, irrigation water is reused at leastSources of water for Solano County include the North Bay
once, and water quality worsens progressively with eachAqueduct, surface water from Lake Berryessa--the win-
reuse, cipal storage facility of the federal Solano Project-- Lake

Solano, and several small reservoir and stream projects,
Types of habitat in the San Joaquin Valley are similar toplus ground water, agricultural return flows, and re-
those of the Sacramento Valley. More information on claimed waste water.
plant and animal life in the San Joaquin Valley is con-
tained in the Water Quality Control Plan Report for Basins North Bay Aqueduct water delivered to Napa County is
5B, 5C, and 5D, State Water Resources Control Board. used in the City of Napa and by exchange in American
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"" //" "" No. Contracting Agency (nero-fee0

") " "’-~ ~ UPPER FEATHER AREA
¯ ~ "" ¯ 1 City of Yuba City 9,600
,.~’" 2 County of Butte 27,500

,~.,, / ¯ -~ 3 Plumas County Flood Control and
Water Conservation District 2,700

NORTH BAY AREA

4 Napa County Flood Control xnd Water
Conservation District 25~000

~ Solano County Flood Control and
Water Conservation District 42,000

Subtotal 67,000

SOUTH BAY AREA

,~ ~ ~ ~.~: ~ ~ 6 Alameda County Flood Control and
: ~ Water Conservation District, Zone 7 46,000

’~-.. ~./~ 7 Alameda County Water District 42,000
~ .~ u~ / 8 Santa Clara Valley Water District 100,000

!(z~i:~ ~°~
~ ~- 10 Devil’s Den Water District 12,700

"~ ¯ / " ( "-. 11 Dudley Ridge Water District 57,700

¯ 13 Kern County Water Agency 1,153,400
~ 14 Oak FlatWater District 5,700

’" "..~. 15 Tulare Lake Basin Water Storage District 118,500

Subtotal 1,355,000

16 San Lula Obispo County Flood Control

i ~
and Water Conservation District 25,000

¯ 17 Santa Barbara County Flood Control and

~
and Water C ......tion District 45,486

~ ~ ¯ .. @ ’/ " "". SOUTHERN CALIFORNIAAREA
~’~f"

18 Antelope Valley-East Kern Water Agency 138,400

20 CoachelIa Valley Water District 23,100
21 Crestline-Lake Arrowhead Water Agency 5,800

.,. ~" .,. ~ ~ ~ if~ ~ l~ ~ - . 23 Li~lerock Creek Irrigation District 2,300

25 Palmdale Water District 17,300¯
26 San Beraardioo Valley Municipal

27 San Gabriel Valley Municipal¯
"’..

Water District 28,800
28 San Gorgonio Pass Water Agency 17,300
29 Tbe Metropoliten Water District o£

~
30 Ventura County Flood Control District 20,000

Subtotal 2,497,500

TOTAL STATE WATER PROJECT 4,217,786

Figure 4-3. SWP Service Areas and Contracting Agencies
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Canyon, Yountville, and Calistoga. Deliveries to Solanointrusion and land-subsidence problems. Extensive re-
County supply municipal and industrial uses in five cities:charge programs using local and imported water supplies
Benicia, Fairfield, Suisun, Vacaville, and Vallejo. have allowed substantial recovery of the ground water ba-

sins. Water is imported from the Tuolumne River via the
A major restriction on the use of ground water, particu- Hetch Hetchy Aqueduct, and from the Delta via the
larly for municipal and industrial needs, is the variableSouth Bay Aqueduct and the San Felipe Project.
and uncertain quality in both counties. In Napa County,
ground water quality is generally poor north of St. HelenaCounties in the South Bay service area encompass

and south of Napa. Because most of any additional de-1,184,000 acres. About 305,000 acres were in urban use in
mand for water in Napa County would be for municipal 1980. The 1986 population was 1,638,000.

and industrial use, where both quality and quantity areThe South Bay is Northern California’s leading business
crucial, ground water will probably continue to be used ascenter. The economy of the area is diversified, with
a supplemental local source, mainly for agriculture. Inmanufacturing, commerce, services, and government sec-
any case, usable ground water storage capacity is re-
stricted to the area between Napa and St. Helena, and thetots employing significant numbers of people.

safe yield is currently overdrafted. Historically, Santa Clara dotal-County’seconomywas

nated by agriculture. However, the rapid urban develop-
Solano County contains two major ground water basins--ment of the county has displaced much of the farming,
Putah Plain and Suisun-Fairfield Valley--and severalwhich is now carried out in the less populated southern
smaller basins. Most ground water supplies are used forpart of the county.
irrigation, although Vacaville, Rio Vista, and Dixon rely
on ground water for domestic supplies. Some rare or endangered species exist in the marshes in

and around San Francisco Bay. Their habitat has been sig-
Principal native plant communities include hardwood for-nificantly reduced by bay filling and diking. Undisturbed
est, chaparral, blue oak and digger pine forest, grassland,areas are now protected by various State, federal, local,
riparian habitat, and marshlands. The prairie grasslandsand private interests.
are now mostly cultivated, but dense and varied riparian
vegetation still exists along most rivers and streams. TheCentral Coast Service Area

The Central Coast Service area, consisting of San Luismarshesaremostly thesouth-centralportionof Solano
County and the southern portion of Napa County. In ad-

Obispo and Santa Barbara counties, encompasses aboutdition to the principal plant communities, unique flora oc-
3.9 million acres. Service to this area involves constructioncur in vernal pools in the Jepson Prairie area of Solano

County. of Phase II of the Coastal Branch of the California Aque-
duct. The Phase II facilities will transport up to 70,486 AF
of water to the area. The 70,486 AF peryear (AF/YR) rep-Game fish abound in the Sacramento River and in the saltresents current entitlements held by San Luis Obispo andand brackish water marshes on the borders of the two
Santa Barbara counties; however, Santa Barbara Countycounties. Migrating waterfowl use the marshes as stop-
has the option to buy back an additional 12,214 AF/YR ofovers and winter habitat. SWP water. Alternative route studies for the pipeline are
completed. An Environmental Impact Report and an ad-South Bay Service Area vance planning study are scheduled for completion in
September 1990. The two counties will use those reports

The South Bay service area includes portions of Alamedain deciding whether to construct the facilities.
and Santa Clara counties around the southern half of San
Francisco Bay. Alameda County has some natural runoffThe Santa Ynez, Santa Maria, and Salinas rivers consti-
from Alameda Creek, but only Santa Clara County hastute the major drainages of the Central Coastal service
significant surface water supplies, area. Dams and canals have been constructed on those

rivers to conserve runoff. No water is imported into the
In this service area, ground water basins have been inten-area. Ground water is the main source of water supply.
sively developed for domestic, industrial, and irrigationOver-use of the ground water resources has led to over-
uses and have been overdrawn, with resultant sea-waterdrafting and water-quality problems in some locations,
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such as the Santa Maria Valley and southern coastal Santa~vide variety of orchard, vineyard, and truck and field
Barbara County. crops. The two major river drainages in the service area

are the Kingsandthe Kern.
Total population in San Luis Obispo and Santa Barbara
counties grew from 103,700 in 1940 to 540,000 in 1987.Vast amounts of good quality ground water in the south-
Santa Barbara County is the larger of the two counties,ern end of San Joaquin Valley provide the major water
The economy of this area depends on agriculture and re-supply for this service area. A large portion of the SWP

lated activities. In the coastal lowlands, there is consider-service area in the San Joaquin Valley overlies the inten-
able high-value fruit and vegetable farming. In the driersively developed San Joaquin Valley ground water basin.
lowlands, inland from the coast, livestock and dry-farmedThe basin extends from the Delta to the Tehachapi Moun-

grains are produced. Manufacturing is limited, but heavytains. Parts of the basin have been in overdraft since the

water-using industries--such as petroleum production,1920s, resulting in land subsidence, increased pumping

food processing, and stone, clay, and glass products--arelifts, and water quality problems.
present. Some mining and military installations also con-Water is imported to the southern San Joaquin Valley via
tribute to the region’s economy. Recreation and retire-the Friant-Kern Canal (CVP) and by the SWE CVP
mentactivitiesare increasing thecoastalcommunities. water is also transported through the California Aque-

duct to Kern County under an agreement between Recla-The agricultural preserve program, under the Williamsonmation and the State of California.Act, has helped limit urbanization of agricultural lands in
Santa Barbara County. Land committed to public pur-The San Joaquin Valley service area is generally arid,
poses includes Vandenberg Air Force Base, Los Padressparsely populated, and characterized by large farms. In
National Forest, and other U. S. Forest Service land. 1986, the population in the San Joaquin Valley service

area was 576,850.
Much of the natural vegetation in the two counties re-
mains relatively undisturbed. Those areas that have beenAgriculture and the oil industry are the primary economic
developed have mainly been the valleys, alluvial fans andactivities in this region. Crops raised in the San Joaquin
plains, and terraces. Valley service area include alfalfa, barley, safflower, sugar

beets, fruits, vegetables, nuts, cotton, sweet potatoes, can-
Due to the wide variety of plant communities in the area,taloupe, and grapes. Beef cattle, dairy products, and poul-
animal populations are extremely diversified. Some oftry are also significant. Other sources of income include
the more common animal species, which occur in mostmanufacturing, trade, services, and government.
communities throughout the service area, include the
mourning dove, the red-tailed hawk, the white-crownedDespite substantial variations in annual SWP deliveries,
sparrow, the side-blotched lizard, and the western rattle-total irrigated acreage in the service area does not nor-
snake. Because of the overlap between the northern andreally fluctuate. Farmers rely heavily on ground water
southernfloristic pumping in dry years and local surface water diversions inelements,manyrareandendangered
species inhabit the Central Coastal service area. wet years to maintain the same irrigated acreage.

San Joaquin Valley Service Area                    Details on crop production values, crop labor require-
merits, and employment and economic trends in this area
are available in DWR Bulletin 132-88, Appendix F, SanThe San Joaquin Valley service area, which occupies the

southern part of the San Joaquin Valley, is situated pri-Joaquin Valley, Post-Project.Economic Impact, 1986 and

madly in Kern and Kings counties and includes a very1987, December 1988.

small area in Stanislaus County. Much of the native vegetation in the service area has been
replaced by introduced species or disturbed by cultivation

This service area is in one of the most productive agricul-or grazing. Major natural vegetation classes found within
tural regions in California. In part of the area onthewestthe valley include grassland, sagebrush shrub, coastal
side of the valley, the quantity and quality of ground watershrub, and hardwood forest-woodland.
supplies are poor, and local surface streams are practically
nonexistent. With water, however, and the favorable cli-Despite the conversion of much of the area to agricultural
mate, much of the area is conducive to production of auses, the wildlife populations of the service area remain
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extremely diversified. Sizable populations of wildlife canthe East Branch of the California Aqueduct crosses natu-
be found in the fringe areas of the service area. Most ha-ral streams.
tive fish populations, however, have been eliminated by
drainage projects and modifications of natural water-Supplemental water is being imported from three

courses. They are now confined to farm ponds, drainagesources:

canals, and aqueducts. ¯ Los Angeles Aqueduct from the Owens Valley and

Two animals whose native habitats have been reduced Mono Lake Basin, on the east side of the Sierra Ne-

considerably by agricultural development are the endan- vada, to the City of Los Angeles.

blunt-nosed leopard lizard and the San Joaquin kit Colorado Rivergered ColoradoRivervia the Aqueduct.
fox. Recovery plans have now been prepared for both spe-
cies. These are described in Blunt-Nosed Leopard Lizard ¯ SWP.

Recovery Plan, Blunt-Nosed Leopard Lizard Recovery water problems exist in this service area. InMany quality
Team, January 1980 (draft), and San Joaquin Kit FoxRecov- the coastal area, thermal discharges from electt~.cal gen-
cry Plan, Thomas E O’Farrell, U. S. Fish and Wildlife eration plants and nutrient overloading of streams cause
Service, Endangered Species Program, 1983 (draft). local problems. In the desert areas, the problems are

Southern California Service Area more general and relate to increasing salinity of both
ground water and lakes such as the Salton Sea.

The Southern California service area includes Ventura,
Los Angeles, and Orange counties and parts of San Di-The quality of imported water ranges from less than 220

ego, Riverside, Imperial, San Bernardino, and Kern coun-¯ mg/l total dissolved solids for SWP supplies to 750 mg/1
for Colorado River water. In some areas, SWP water is

ties. blended with imported Colorado River water to provide a
There are no major rivers in the desert plateau region ofbetter overall quality.
this service area. The intermittent streams that flow from
the mountains primarily percolate into ground water ha-Land use in the Southern California service area has

sins. A limited surface water supply has been developed,changed dramatically since the early part of the century,

and most local water supplies are fully used. In the coastalwhen the cit’rus industry dominated the economy. Several
factors have led to the changes: discovery of oil, construc-

portion of the basin, most local surface supplies have been
developed for flood control, ground water recharge, andtion of the Los Angeles and Colorado aqueducts, increase

water supply, of port facilities to accommodate shipping and trade
brought about by the Panama Canal, location of the llth

of in Naval District in San the movie and entertainmentGroundwatersupplies significanta portion thewater Diego,
this service area. The South Coastal hydrologic basin,industry, and location of heavy industry (especially air-
which encompasses this service area, has at least 44 majorcraft and ship building). Together, these factors have
ground water basins. Although further development iscaused a shift from agricultural to urban and suburban de-
possible in a few local areas, some of the basins have beenvelopment.
over-used. In 1974, an annual ground water overdraft of
160,000 AF led to sea-water intrusion problems in someSince the 1940s, Southern California has changed from a

areas along the coast. Sea-water barrier and artificial re-largely rural lifestyle with an agricultural economy to a

charge programs have been developed to correct thesehighly urban-industrial society. The estimated popula-

situations, tion in 1986 was over 15 million. The rapid economic
growth that Southern California experienced during the

In Ventura and Los Angeles counties, some SWP supplies1950s and 1960s has slowed, but diversification of the
are released into natural stream channels. Piru Creek, aeconomy continues. This region is the State’s leading cen-

the Santa Clara River, of business. Southern California contains the State’stributaryto servesasa conveyance ter
to Ventura County users. In Los Angeles :County, SWPlargest concentration of manufacturing activity, particu-
water is released into Gorman Creek for recreational uselarly the aerospace industry. Other major industries in-
as part of the Hungry Valley recreational area. Additional clude petroleum, fabricated metals, chemical production,
opportunities exist for streamflow augmentation wherefood processing, and paper production.
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In the coastal areas of Southern California, agriculture re-The CVP provides water to over 2.8 million acres of agri-
mains important economically, despite urbanization,cultural land. Crops grown on California lands irrigated
Farms generally produce high value crops on small irri-by the CVP had a gross value of about $2.4 billion in 1981.
gated parcels. Agriculture is also important in the Colo-
rado Desert, especially in the Coachella and Imperial val-In addition to irrigation water, the CVP provides water for
leys. Livestock, field crops, truck crops, sugar beets, andmunicipal and industrial use. Nearly 193,000 AF of water
cotton are important. Poultry, livestock, and field cropswas delivered for such uses in 1985. The largest share of
are produced in the Mojave Desert. this water was delivered through the Contra Costa Canal,

as described in the next section. The cities of Retiring,
While some of the naturally occurring vegetation in theRoseville, Placerville, Sacramento, Fresno, and Coalinga
Southern California service area has been altered signifi-also receive all, or a portion of, their water from the CVP.
cantly by urban and agricultural development, a large part
of the region (mostly uplands) retains its native cover.Contra Costa Water District Service AreaThe principal vegetation includes chaparral, scrub, grass-
land, woodland, and forest.

The Contra Costa Water District Service Area, shown on
The Southern California service area supports a great di-Figure 4-5, is in transition from a rural area to an area

versity of wildlife. The diversity of habitats available in dominated by suburban and commercial development. In

the area, combined with the impacts of a rapidly develop-the 1940s, when the Contra Costa Canal came on line as
ing human population, has resulted in a large number ofthe first unit of the CVP, 38 percent of the water conveyed

rare and endangered plant and wildlife species. Stepswent to agriculture and 62 percent to municipal and indus-
havebeentakentopreservehabitatsthathaveuniquebio-trial users. Today, the latter receives 95 percent of the

logical significance. One endangered fish, the unarrnoredwater, with only 5 percent going to agriculture. The
three-spine stickleback, occurs in the service area but iscounty ranks second after Los Angeles among California

no longer found in the Los Angeles, San Gabriel, andcounties for total fresh water use.
Santa Ana rivers. The fish population in the Santa Clara
River is threatened by increased recreational use and de-A diversity of industry is located in the county. With its
velopment, miles of waterfront--linking ocean, river, and overland

transportation facilities--the area offers many advan-
CVP Service Areas rages to heavy industries requiring large supplies of cool-

ing and processing water, large land areas, and access to a

The CVP service areas extend for some 430 miles throughdeep-water ship channel. Major industry groups in the

much of California’s Central Valley, from Clair Engle and county requiring the greatest amounts of water are petro-

Shasta reservoirs in the north to Bakersfield in the south
leum and coal products, paper and allied products, chemi-

(Figure 4-4). The CVP service areas also include the Sancals and allied products, primary metal industries, and
food and related products. Presently, the exceptionallyFelipe Unit, which is located in the adjacent coastal valley.

Much of the environmental setting in the CVP service high water needs of the petroleum refineries are largely

areas is presented in the previous discussions of the Sacra-met with brackish supplies from the south shores of San

mento and San Joaquin valleys. Pablo and Suisun Bays.

At present, Reclamation has contracted to deliver aboutToday, Water District provides for the mu-ContraCosta
8.6 MAF of CVP water, including the sale of interim nicipal water needs of about 300,000 county residents. Of

water. (This includes water for Contra Costa County and the nine Bay area counties, Contra Costa is projected to

from Millerton Reservoir.) CVP water supply contracts experiencethemostrapidfuturepopulationgrowth.

have build-up provisions identifying periods during which
the contractors may use less than their full entitlement.The growing trend toward municipal water use increases
In 1985, the CVP delivered some 7.4 MAF. Reclamation the need for both improved water to meet Statequality
estimates that, by 2020, nearly all the contracted amountand federal standards and improved system reliability to
of water will be delivered each year. meet peak water demands.

79

C--041 327
C-041327



Figure 4-5. Contra Costa Water District Service Area
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CHAPTER 5. ENVIRONMENTAL IMPACTS

This chapter analyzes potential environmental impactsbution of the proiect to the dry-period delivery capability
from implementation of the South Delta Water Manage- was based on the system’s performance during the histori-
ment Plan (SDWMP). The analysis includes potential im- cal critical period 1928 through 1934. Results of this study
pacts due to construction of the south Delta facilities, aswere used in both the economic analysis of the project
well as potential impacts due’ to changes in SWP opera-and the service area impact analysis. Water supplystudics

that result from of thetions may implementation were also used to develop hydrologic conditions for which
SDWMP. Subjects covered include potential impacts to:l)clta water quality and hydraulic conditions could be as-
1) SWP operations and reliability, 2) SWP energy con-scsscd.
sumption, 3) 1)ella outHow characteristics, 4) patterns of
Delta flow and salinity, 5) the Bay-Delta fishery, 6) mu- Mathematical modcling of Delta hydrodynamic and water
nicipal and industrial uses of Delta water, and 7) Deltaquality conditionswas used to evaluate potential SDWMP
agricultural activities. Also discussed arc potential im-impact to Delta flows, stages, velocities, and salinitics.
pacts to project service areas. Appendix C consists of the important assumptions and re-

sults of the mathematical modeling conducted in support
Fishery biologists and environmental specialists of theof the SI)WME Documcnts describing the mathematical
Department of Water Resources (DWR), the U.S. Bu- models in more detail, along with their verification, arc
rcau of Reclamation (Reclamation), the Department ofavailable for viewing at DWR.
Fish and Game (DFG), and the U.S. Fish and Wildlifc
Service (USF&WS) assisted in formulating and cvaluat- Mathematical modeling of water levels, flows, velocities.
ing incremental impacts of the SI)WMP. Habitat Evalua- and salinity in the Delta channels has greatly aided water
tion Procedures (HEP), which have been standardized,resources planning of the Delta. However, some care is
were also used in the evaluation. Where more informa-rcquircd when interpreting the results of such modeling.
lion was required, additional field studies were also con-The mathematical modeling conducted to aid in the cval-
ductcd, uation of potential environmental impacts caused by the

SDWMP not intended to absolutewasgenerally provide
During preparation of this EIR, coordination between 1o-predictions of future Delta hydrodynamic and salinity
cal, State, and federal agencies has been extensive. Localconditions. Results of mathematical modeling of Delta
land owners have been contacted, and their concerns haveconditions undcr various alternative actions planned are
been considered, often interpreted in terms of the direction and relative

magnitude of changes in such variables as water levels and
Three types of engineering studies were used to evaluatesalinity. For this reason, the analysis of how the SDWMP
impacts: 1) water supply studies using the DWRSIM mayaffcctl)cltawatcrlcvcls, flows, velocities, andsalini-
model were conducted, based on 57-year historic hydrofty was based primarily on how the values of these parame-
(.)gy from 1922 to 1978, in which SWP demands were as-ters changed under the preferred alternative and other al-
sumcd to be 3.3 million acre-feet (M~F); 2) Delta hydro- tcrnatives with respect to the base no-action alternative.
dynamics studies using the DWR/RMA Model and water Much of the Delta modeling results in Appendix C and in
quality studies using the Fischer l)clta Model; and 3)this chapter arc therefore provided in terms of changes or
long-range studies used to evaluate project energy andimprovements in water levels and salinity when compared
capacity requirements, based on median water supplyto the no-action alternative.
conditions and gradually increasing project demands.

Basic used for the No-actionassumptions alternative
The water supply studies were used t(.) evaluate potential (base case) and other alternatives, including the pre-
contributions of the SI)WMP to SWP reliability. Contri- ferred alternative, are listed in "Fable (?-1, Appendix C.
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Table 5-1
Summary, of Environmental Assessmen.t for the Preferred Alternative

Protection/Mitigation
Sub.iects Physical Impact Environmental Impact Measures

Construction Increase in noise, dust, truck traffic,Environmental impacts will be CAL--OSHA regulations (noise);
and turbidity; disturbance of vege- short-term. No significant long- Regional Water Quality Control
ration; minor disruption of services term impact is expected from Board permit (turbidity); use
(cables, gas lines, etc.); and some project construction. Local con- of flagman and off-peak hours
minimal recreational inconven- struction work force will be used for transportation; replanting
iences are expected. Some channelfor the Project. vegetation; Endangered Species
dredging in the south Delta. Act of 1973; and State and

federal dredging permits.

Water Supply Increase Banks Pumping Plant Provide more flexibility for op- D-1485 protective standards.
Reliability exports during winter and high-floweration of the SWP. Shift in Letter limiting exports. Existing

conditions. Increase capacity export will have positive effect and new fish agreements.
from 6,400 cfs to 10,300 cfs. on environment. U.S. Army Corps of

Engineers Permit.

Delta Outflow Slight decrease in Delta outflow Shift in exports can have positive D-1485 protective outflow
in winter and during high flow effect on fishery. Slight decrease standards. Existing and new
conditions, in Delta outflow in winter and fish protection agreements.

high-flow conditions will have
minor impact on environment.

Delta Outflow Minimal changes in outflow pulse Unknown environmental impact. San Francisco Bay Study funded
Pulses characteristics. (partially) by DWR.

Local Municipal Possible future water quality Potential water quality improve- D-1485 protective standards.
and Industrial improvement to the Contra Costa ment and water supply for Various industrial water supply
Use Canal with potential relocation, municipal and industrial use in contracts.

Reduced days of availability of the Delta. Protective water
offshore supply, quality standard for M&I

will be met for all year types.

SWP Water Reduced total dissolved solids, SWP water quality will be D-1485 protective standards.
Quality chlorides, bromides, and THMFR.improved. EPA and California Dept. of

Health Services drinking water
standards. SWP contract objec-
tives.

Agriculture Improve circulation, increase waterImprove water supply and water Delta Protection Act. South
levels, quality for South Delta Water Delta agreements. Releases

Agency agricultural users, from New Melones.

Sedimentation, Increase velocity in Old River. No scouring or sedimentation Channel improvements and
Scouring, and is expected, forebay intake design will pre-
Seepage vent scouring and sedimenta-

tion. Existing scour monitoring
program will be expanded.
Seepage monitoring program
will be established.

Cross-Delta Flow Minimal changes on Cross-Delta No impact is expected. Existing and new fish protect-
flow. ion agreements.
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Table 5-1 (Continued)
Summary of Environmental Assessment for the Preferred Alternative

Protection/Mitigation
Subjects             Physical Impact                Environmental Impact                Measures

Navigation        Increased water levels, channel     Improved access to scenic         Provision for boat passages
dredging, and physical barriers, channels, and boater designation sites.

Salmon and Construction and of flows in San D-1485 for flow andoperation Improved Joaquin provides
Steelhead barriers will improve San Joaquin and Old River will have positive salinity standards in the Delta.

River flows. Water quality, dissolvedimpact on San Joaquin River SWP and CVP fish protective
oxygen, and temperature will spawning. Minor impact on facilities. Existing and new fish
improve in south Delta channels. Sacramento River salmon, protection agreements. Preda-

tion may decrease by using
alternative Italian Slough diver-
sion and expansion of forebay.
Interim releases from
New Melones.

General Impact Provide operational flexibility. May and June export reduction D-1485 (salinity and minimum
on Striped Bass Exports can decrease from and operational modification can flow standard for striped bass.)

May through July. Flows in lower improve conditions for striped Existing and new fish protec-
San Joaquin River can increase inbass during spawning and for tion agreements
May, June, and July. Increases inyoung striped bass. Entrainment
reverse flow August--November. of young Sacramento River bass

from Project exports would be less.

Direct Impact on Can shift export from summer to Shifting export can benefit D-1485 protective standards.
Striped Bass winter, striped bass during critical periods.Predation may decrease in fore-

22% reduction in direct fish lossesbay by increasing the volume
is expected, and using Italian Slough intake

periodically.

Resident Fish Entrainment may decrease in spring. Minimum net impact on resident
and summer.Water quality, dissolved fish.
oxygen, and water temperature in
south Delta channels can improve.

Fish Food
Resources Can reduce exports in spring and Shift in export can benefit D-1485 protective standards.

increase exports in winter. Neomysis. More Sacramento RiverInteragency ecological study
water with low plankton densitiesprogram. Existing and new
will flow to interior Delta. fish protection agreements.

Wildlife Inundation of 3,000 acres for Loss of plant and wildlife habitat.Implementation of a wildlife
forebay enlargement, management plan. Creation of

channel islands and additional
shoreline.

Suisun Marsh Delta outflow will decrease slightly. No significant impact is expectedSuisun Marsh Protection Agree-
because of: ment. Facilities and monitoring
¯ little changes in outflow program.
¯ physical protective facilities and
¯ existing agreement to protect

the Marsh.
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1
Table 5-1 (Continued)

Summar~ of Environmental Assessment for the Preferred Alternative
Protection/Mitigation

!Subjects Physical Impact Environmental Impact Measures

San Francisco BayMinor decrease in number of Unknown impact. D-1485 protective standards.
pulses, minor changes in Delta Various studies of Bay resources
outflow, funded partially by DWR.

SWP Service AreaImprove water supply reliability. Primarily replacement supply. Local regulations and mitigation
No expansion of agricultural land Not growth-inducing. Provide actions. Zoning and planning. 1
is expected, better quality of life with

fewer water shortages.

Power Resources Increase ~WP power supply re- Potential increase of fossil fuel Water conservation measures. 1
quirements. DWR is not planning consumption. Best use of off-peak power.
to build a new power plant to meet Mitigation measures for
increased load. existing plants.

¯
¯Archeological and Some cultural sites are near the Sites to be avoided. Design and specification of the

Cultural Resources project area. project will include avoidance of
known archeological and 1
cultural resources sites. Con-
struction consultation if needed.

The analysis in Chapter 6 assumes SWP demands exceed-The no-action Delta hydrologic conditions were used in
ing 3.3 MAF. The cumulative impact review in Chapter 6Delta models to establish the no-action Delta hydrody-
is broader in scope, and more general than the impactnamic and water quality conditions for five of the water
evaluation in this chapter, years out of the 57-year study period. These five water ¯

years were selected because they contained Delta inflows
This chapter concludes with a summary of significant op-

and diversions representative of those observed for each
crational impacts under the preferred alternative, mitiga-

of the five wateryear types. This ensured that the no-ac-
tion options, temporary impacts, and other information

tion Delta hydrodynamic and water quality conditions
required by the California Environmental Quality Act

were determined under a wide range of realistic hydrolog-
(CEQA) and National Environmental Policy Act (NEPA).

ic conditions. The Delta hydrologic conditions reflecting

Operational Impacts operation of SDWMP and the assumption of LBG and
1

KWB were used, along with a description of the compo-

Operation studies and Delta hydrodynamic and waternents of each alternative, to establish the Delta hydrody-

quality studies were used to evaluate potential environ-
namic and water quality conditions for each alternative.

mental impacts of the nine south Delta alternatives. The format for discussing operational impacts is ex-

These studies provided information for evaluating both plained as follows:
1

the potential environmental impact of the operation of¯ Background: Information pertinent to the impact
the alternatives as well as the potential environmental im- under discussion.
pact of the subsequent changes in operation of the Banks 1
Pumping Plant. Monthly water supply studies of the over-

¯ No-Action Alternative: A brief review of past,

all SWP and CVP system for the 57-year period 1922
present, and anticipated conditions under the no-ac-

through 1978, with SWP demands assumed at 3.3 MAF, tion alternative.

were used to establish the no-action State water supplȳ Preferred Alternative: An assessment of incremental

conditions and Delta hydrologic conditions. A second op- impacts based on a comparison with the no-action

eration study was made at the same level of SWP de- alternative to quantify impact differences.

rnands, which assumed Los Banos Grandes Reservoir̄ Other alternatives: A similar assessment of incrc-
(LBG), Kern Water Bank (KWB), and SDWMP to allow mental impacts compared with the no-action alter-

1

for a Banks Pumping Plant capacity of 10,300 cfs.             native.                                              1
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Impacts on fish, an important part of this analysis, are gen-leases that reduce or eliminate the potential for flooding
erally covered in two parts: in downstream areas. When water surface elevations in

¯ A qualitative discussion ofgeneral impacts, by the storage facilities encroach into the flood reservation

species, of the effects on migration, survival, andzone, operation of the storage facility is governed by

entrainment. Delta inflow and diversions from opera- Corps of Engineers (Corps) flood control regulation.

tional studies, and Delta flows and salinities from Del-
ta modeling, are presented to assess these effects. FishAlthough the SWP produces a large amount of hydroelec-

examined include striped bass, Chinook salmon, stur-tric energy, it consumes even more energy at the various

geon, American shad, and various resident fishes, pumping stations located throughout its system. To re-
duce SWP impacts on the statewide electrical power grid,

¯ A quantitative analysis and discussion of direct lossespumping is conducted during low-demand periods of the
and salvage of screenabl ~e-size fish at the Delta day and week to take advantage of the availability and low
Complex, which consists of Banks Pumping Plant, thecost of energy during those periods.
John E. Skinner Fish Protective Facility, and Clifton
Court Forebay. Various protective measures for the Delta have required

Direct losses of striped bass and Chinook salmon were es-specific flow and quality measures: 1) Decision 1485 esta-
timated on the basis of estimated entrainment losses, in-blishes minimum Delta flow, water quality standards, and
cluding salvage, predation losses, and handling and haul-export limitations to protect fish, municipal, industrial
ing losses. This method used historic loss data, and SWPand agricultural uses of the Delta water supply. 2) The
diversion records from 1980-- 1987, to estimate losses thatCoordinated Operating Agreement (COA) obligates the
might occur under future SWP diversion rates describedSWP and the CVP to meet water quality and outflow stan-
in operation studies reflective of the no-action, preferred,dards established in Decision 1485 to protect the benefi-
and other alternatives assumptions, cial uses of the Delta water supply. 3) Agreements and

Estimated salvage of screenable-size American shad,contracts with local Delta interests to provide water users

sturgeon, and resident fish are also presented. This analy-in the Delta with water and water quality standards above

sis is based on the historical (1968-1980) number of fishthe existingDelta standards.4)A temporaryagreement
between DWR and DFG to offset direct losses of stripedsalvaged at the screen and assumes that the average popu-
bass, Chinook salmon and steelhead in relation to thelation of those fish will remain constant. A lower popula-

tionvalue usedin the assessment offishimpactswouldre-Harvey O. Banks Pumping Plant by further limiting ex-

suit in lower fish impacts, port pumping in May and June from 3,000 cfs to no more
than 2,000 cfs based on storage withdrawals fromSWP fa-

Other operational impacts on the estuarine environmentcilities upstream of the Delta.
that are evaluated or discussed include aquatic inverte-
brates and Suisun Marsh. These and other Delta protective measures are discussed

in detail in Chapter 1.
Monthly Operational Changes

In August 1983, DWR and DFG signed the ’~greementFactors which dictate the monthly operation of the SWPConcerning the Operation of the Oroville Division of theinclude 1) flood management; 2) electrical load manage-
State Water Project for Management of Fish and Wild-ment; 3) flow, exports, and quality measures; 4) naturallife." The agreement set releases into the Feather Riverhydrologic and tidal variations; 5)state water contractors’
from Thermalito Diversion Dam for fishery purposes.requests; 6) existing channel configuration; 7) upstreamDWR will continue to operate the SWP under thisagree-and in-Delta water users; and 8) operational risk analysis,     ment.

The CVP has operational constraints similar to those of
the SWP listed in the preceding paragraph. CVP divertsSystem hydrology helps dictate the amount of SWP diver-

water directly from Old River, which affects water condi- sions throughout the year. Decision 1485 establishes five
tions in the south Delta and possibly affects SWP opera-water-year classifications based on channel hydrology in
tion. the Sacramento Valley (Table 5-2). These water year clas-

sifications help define water quality standards and the
During wet years, SWP storage facilities designated for availability and allocation of water to water agencies serv-
flood control store flood waters and make controlled re- iced by the SWP.

85

C--041 333
C-041333



I

Table 5-2
Decision 1485 Water Year Classification

]’ear classification shall be determined by the forecast of Sacramento Valley unimpaired runoff for the current water year (October I of the
preceth’ng calendar year through September 30 of the current calendar year) as published in California Department of Water Resources Bulletin
120for the sum of the following locations: Sacramento River above Bend Bridge, near Red Blu~ Feather River, total inflow to Oroville
Reservoir; Yuba River at Smartville; American River, total inflow to Folsom Reservoir. Preliminary determinations of year classification shall
be made in February, March and April with flnal determination in May. These preliminary determinations shall be based on hydrologic condl-
tions to date plus forecasts of future runoff assuming normal precipitation for the remainder of the water year.

YEAR TYPE’ Unimpaired Runoff, Millions of Acre-feet (MAF)

All Years for 10.2 12.5 15.7 19.6

Except Critical Dry Below Normal Above Normal Wet

Unimpaired Runoff, MAF

Year Following 12.5 15.7 22.5
Critical Year’

Critical I Dry I Above Normal [Wet

Equal to or greater than 19.6 MAF (except equal to or greater than 22.5 MAF in a year following aWetz

critical year)a

Above Normalz Greater than 15.7 MAF and less than 19.6 MAF (except greater than 15.7 MAF and less than 22.5
MAF in a year following a critical year~

Below Normal2 Equal to or less than 15.7 MAF and greater than 12.5 MAF (except in a year following a critical
year)a

Dry~ Equal to or less than 12.5 MAF and greater than 10.2 MAF (except equal to or less than 15.7 MAF
and greater than 12.5 MAF in a year following a critical year)3

Critical2 Equal to or less than 10.2 MAF (except equal to or less than 12.5 MAF in a year following a critical
year)3

1 The year type for the preceding water year will remain in effect until the initial forecast of unimpaired runoff for the current water year

is available.

2Any otherwise wet, above normal, or below normal year may be designated a subnormal snowmelt year whenever the forecast of April
through July unimpaired runoff reported in the May issue of Bulletin 120 is less than 5.9 MAE

a"Year following critical year" classification does not apply to Agricultural, Municipal, attd Industrial standards.
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The SDWMP alternatives have been tested under varyingand by the established acceptable level of risk that bal-
monthly export levels, which vary according to the opera-ances the quantities of water delivered to contractors this
tional considerations listed in Chapter 3. These consider-year against the ability of the SWP to fulfill future water
ations restrict May, June, and July exports according todeliveries. The SWP operational level of risk is deter-
D-1485. During high-flow periods, exports are in-mined by use of the "rule curve," which is discussed in
creased; however, monthly average exports exceedingChapter 1, under "State Water Project Operations."
8,000 cfs occur less than 20 percent of the time. During the
spring, average export rates for different years had a rangeOperation of the SWP and CVP has affected the seasonal
of 2,000 ~fs, with corresponding variations on impacts toand monthly pattern of Delta inflows, exports, and out-
fish. For example, over the 57-year study period, striped-flows. Generally, winter and spring inflows and outflows
bass losses in May would be reduced by about 5 percenthave been decreased, while summer and early fall inflows
when exports are reduced by 200 cfs. Different levels of and outflows have been increased. Upstream of the Del-
export and associated fishery impacts can be determinedta, the projects and local facilities have altered flow re-
by comparing monthly operational SWP data to fisherygimes, habitat, and fish populations on the Sacramento,
analysis. ’ San Joaquin, and Trinity river systems. These past effects

are summarized in the final environmental impact report
Alternative export levels also affect operational flexibil- on the Banks Pumping Plant expansion, dated January
ity. For example, greater flexibility in operating the SWP 1986, and the COA, dated April 1986.
can be achieved if maximum daily average SWP exports
can periodically reach 10,300 cfs instead of being limitedTable 5-3 presents the average projected pumping rate for
to 6,400 cfs. Current negotiations for fishery protectionall of the varying year types. In the table, the columns
will consider operational flexibility. "No-Action-CVP, ....Preferred Alternative-CVP," and

"Other Alternatives-CVP" reflect the monthly export
Tidal variations also affect SWP operation. During highrates from the federal pumps for the no-action, pre-
tides, diversions into Clifton Court Forebay are usually in-ferred, and other alternatives. Values in these three col-
creased to take advantage of the abundance of water inumns are the same because it is assumed that any south
the Delta channels while still adhering to established wa-Delta improvement will not affect CVP operation. The
ter quality requirements, average monthly Banks Pumping Plant pumping rates for

the columns "No-Action-SWP," "Preferred Alternative-DWR has contractual agreements with various agenciesSWP," and "Other Alternatives-SWP" include CVP ex-to deliver water for municipal, industrial, and agricultural
uses. Contracted agencies submit their requests to DWRports pumped by the Banks Pumping Plant in accordance

for the upcoming year’s water delivery schedule, whichwith various agreements, including the COA and the

depends on water year type, water users request, and theWheeling and Purchase Agreement.

predicted water availability. The Banks Pumping Plant pumping rates for the no-ac-

The existing Delta channel configuration impairs watertion, the preferred, and the other alternatives are based

movement and circulation patterns in certain areas of theon 3.3 MAF SWP water demands. All of the alternatives

south Delta. Reduction in water circulation tends tomeet the water quality standards established in Decision

degrade water quality and availability, thus impacting ex-1485, but the pumping rates are not all the same. The

port pumping schedules, pumping rate for all of the other alternatives is the same
as that for the preferred alternative because each alterna-

Many of the major upstream and in-Delta water userstive provides increased flexibility in SWP operation while
have water right contracts with DWR to request and di- still meeting water quality standards. The no-action alter-
vert a specified quantity of water. These diversions varynative limits pumping flexibility to a daily average of 7,300
from month to month, which forces upstream storage re-cfs during wet periods compared to daily average of 10,300
leases in order to compensate for minimum water qualitycfs during wet periods for the preferred alternative.
downstream.

Table 5-4 shows the average monthly SWP exports for the
Currently, contracts for water delivery requests exceed preferred alternative and the no-action alternative for
the firm yield of the SWP. To alleviate the shortfall,. SWP the five main water year types and also the monthly differ-
operations are determined by present water conditionsence between the two.
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Table 5-3
Average of Monthly CVP and SWP Exports over 57-Year Study Period

.(Values in cubic feet~er s_ec~nd~

No-Action [ Preferred Alternative ] Other Alternatives Percent
CVP SWP’ [ ~ii CVP    SWPz ] CVP SWP2 Changea

Cfs Cfs L~[s ~    Cfs ] Cfs Cfs %

January 4,228 6,702 ~~-:~:~636-~ 4,228 7,636 13.9

February 4,283 6,476 4,283 %095 9.6

March 4,165 4,931 ......... ~ :~695:-i 4,165 6,695 35.8

April 4,284 4,504 :’~ :~5,518<:~"" " 4,284 5,518 22.5

May 2,980 2,880 .     ~ 2,980 2,730 -5.2

June 2,937 2,704 2,937 2,388 -11.7

4,300 2,869 ~. ~i~i/ 2,067 ~ 4,300 2,067 -28.0July

August 4,361 1,722 ~1~ .....~..i~617 ~ 4,361 1,617 -6.1

September 4,478 2,343 : 4,478 2,556 9.1

October 4,161 3,881 ~~.~ ~-i.4,698 i) 4,161 4,698 21.1

November 4,254 4,915 ~:: g~087 2 4,254 6,087 23.9o
December 4.261 6.134 ~:;7; ....2~ ~ 7.2,32    4.261 7.232 17.9

Totals~ 2.94 3.01
~:~ 3.39

2.94 3.39 12.6

~Includes CVP exports using the Banks facility as per the COA, 3.3 MAF SWP demands.
2Includes CVP exports using the Banks facility as per the COA, 3.3 MAF SWP demands, and compensation for

evaporation losses at LEG Reservoir.
aDifferenee between the Preferred and No Project alternatives.
4Values expressed in million acre feet

No-ActionAIternat&e. Yearly SWP water exports from the creases about 15.7% over the no-action alternative. The
Delta will approach 3.01 MAF. Most of the pumping will average seasonal changes in exports between the pre-
occur during the wet season from October to April. The ferred and the no-action alternatives are:
57-year average of monthly SWP exports during this peri-
od will range from 3,881cfs to 6,702 cfs with an average of* August-November +12.0%;

5,363 cfs. During the drier part of the year (May to Sep-¯ December - March + 19.3%;
tember), the 57-year average of monthly exports will̄ April- July-5.6%
range from 1,722 cfs to 2,880 cfs with an average of 2,504
cfs. This redistribution of monthly export pumping allows for

increased water storage at the project facilities, while still
Preferred Alternative. Under the preferred alternative, the maintaining Delta outflow, water quality, and exports at
distribution of monthly SWP operation changes so thatthe required levels throughout the year.
more water is exported during the winter and spring and
less in the summer and early fall. The analysis includesOtherAlternati~es. All other alternatives assume the same
impacts of the LBG and KWB projects on SWP opera- Delta inflows and the same maximum export rate as the
tion. Overall, SWP exports will increase over 12% from preferred alternative. Therefore the monthly export op-
the no-action alternative. Except for the months of May eration of the other alternatives will be the same as the
through August, the average monthly pumping rate in-preferred alternative shown in Table 5-3.

88

C--041 336
C-041336



Table 5-4
Average of Monthly and Annual Exports at Banks Pumping Plant over 57-Year Study Period

By Year Type
(Monthly Values in Cubic Feet per Second)

Year Type [ Alternative [ Oct [ Nov] Dec[ Jan ] Feb ] Marl Apr[ Mayl Jan] Jul ] Aug] Sep [ Annual1,

Critical No Action 3,401 3,443 4,167 4,999 ..~.~4,574 ~3_~7.,04 ~98..2.~7 ~,~9 1~1~8 1,2292,301
Preferred 4,432 4,216 3,867 4;668 r~,~’~4,895’~~ ...................................... 2,8~. _.._2_~5.__7~. ____2~_~ ~ ~! ~10 ......."~ 1,372 2,284
Difference 1,031 773 -300 -331    335    321 -832 -541 54 -529    -356    143 -17

Dry No Action 3,160 4,294 5,928 7,114 6,988 5,801 3,544 2,666 2,173 1,280 651 1,439 2,705
Preferred 3,449 5,116 6416 8,405 8,059 8,4725,069..2,696 2,!4.3. !,0~.2.....i.._8__~_~_.!.,430 3,192
Difference 289 822 488 1,291 1,071 2,671 1,525     30 -30 -238 188 -9 487

Below Normal NoAction 4,220 5,294 6,422 6,809 6,6~35 5,248_ 5,018 2,992 2,884. 3,118 1,709 1,907 3,144
Preferred 5,191 5,912 7,236 7,43;~ %9~6~ 6,980 6,i3i 2,70~3.2,524 2,724 2,09~ 2,039 3,543
Difference 971 618 814 623 1,327 1,732 1,113 -289 -360 -394 389 132 400

Above Normal No Action 3,732 4,611 6,222 6,580 6,866 5,416 4,991_ 2,992 2,953 3,536 1,802_ 2,109 3,116
Preferred 4,403 6,099 7,372 8,286 7,069 8,013 7,35I 2,893 2,736.2~864.~,37~3 2,190 3,712
Difference 671 1,488 1,150 1,706 203 2,597 2,360 -99 -217 -672 571 81 596

Wet No Action 4,363 5,824. 6,872 7,210 .6.,4.9_9 :4,200 _4.,8~9..2,_9.9_2. _~2,~7~ 3,74!_ %4_~6~ 3,640 3,346
Preferred 5,364 7,471 9,004 8,246 6,846. ~6Z3. 5,~8!...I._~2~96_0~_..2~3.~.__.2_L24__3. ......~6~3 _.4.,~!. ........3_,703
Difference 1,001 1,647 2,132 1,036 347 1,473 762 -32 -651 -1498 -771 471 357

1 Annual values are in thousands of acre-feet.

Daily Operational Changes south Delta channels upstream of the point of SWP di-
at Clifton Court Forebay versions. In addition, the forebay gates are operated to

moderate reductions in maximum water surface eleva-
The SDWMP will allow for more flexibility in the daily op- tions at the mouth of Tom Paine Slough, which otherwise
eration of the Clifton Court Forebay gates. This increasemight impact the flow of Delta water into the slough.
in flexibility may allow for daily operational changes at
Clifton Court Forebay to provide for more benefits to wa- Figure 5-1 shows four strategies for SWP diversion of

ter levels and circulation in south Delta channels. Delta water. Figures 5-1A, 5-1B, 5-1C, and 5-1D would
progressively reduce impacts to south Delta water levels

Clifton Court Forebay diversions vary on a daily cycle ac-and circulation patterns.
cording to tidal fluctuations. Diversions are stopped dur-

Table 5-5 shows the potential for the preferred alternativeing the day to avoid low tide conditions, providing a bufferto improve the flexibility in daily Clifton Court Forebay
between Delta channels and the pumps, intake gate operations over the no-action alternative dur-

The effects of tide on water levels in south Delta channelsing summer conditions.

typically causes two high a higher-high a lower-tides: and
high tide, and two low tides: a higher-low and a lower-low
tide, over approximately 25-hours (Figure 5-1). Delta wa- Table 5-5
ter is diverted through forebay intake gates during this PercentageofTime During Summer That
25-hour cycle to moderate the impact of SWP diversions Various Forebay Strategies
on channels upstream and downstream of the point of di- Shown in Figure 5-1 Can be Used
version. Water in the south Delta is diverted by the SWP
to avoid low tide. This minimizes subsequent drawdown Gate Operation No-action
of minimum water levels in south Delta channels that
otherwise could impact nearby agriculture diversions. Figure 5-1B 100

Forebay gate operations also avoid diversions during the Figure 5-1C 100

rising tide, minimizing the reduced momentum of incom- Figure 5-1D 0 .....

ing water and the subsequent impact to circulation in
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No-Action Alternative. Under present conditions, physical
restrictions on intake gate capacity prevent the most ad-
vantageous forebay operations for water levels and circu-
lation in the south Delta. This is expected to continue un-
der the no-action alternative.

PreferredAlternative. Under the preferred alternative, it is
expected that daily Clifton Court Forebay operations will
change to further benefit south Delta water levels and cir-
culation.

As discussed in Chapter 2 utlder "Project Components,"
several alternative plans for the SDWMP, including the
preferred alternative, will increase the capacity of the
forebay intake gates and enlarge the forebay water sur-
face area to about 5,000 acres. These improvements will
increase the flexibility of daily forebay operation. An en-
larged forebay increases the storage of water available
and reduces the number of times the intake gates would
have to be opened each day.

Table 5-5 shows that the preferred alternative allows the
forebay gates to be operated with the strategy shown in
Figure 5-1D, whereas the no-action alternative does not.
The strategy shown in Figure 5-1D provides substantial
protection to south Delta water levels and circulation bYflexibility gate operation
severely restricting when and how long the forebay intake
gates can be open. The preferred alternative has greater

in its than does the no-action al-
ternative because it can operate with this strategy, where-
as the no-action alternative requires the intake gates to L,
be opened more frequently.

Other Alternatives. The other alternatives will also in- LEGENt~
LL Low-Low Tide    LH Low-High Tide ~ Period Intake

crease the flexibility of forebay gate operations. However, HL High-Low "lqdo HH High-High Tide Gat~ open

alternatives with the CVP tie-in to the forebay, but with-
out an enlarged forebay, will not provide the same degree
of improved flexibility as will the preferred alternative. Figure 5-1. Typical Strategies

for Forebay Intake Gate Operation

State Water Project Reliability

The SDWMP will increase the reliability of SWP deliver- ta hydraulics and obtaining a permit from the Corps to
ies in three ways: 1) by increasing wet-period diversionsdivert up to 10,300 cfs.
for storage south of the Delta, thus improving the per-
centage of time that project demands can be met; 2) bySWP’s capability for providing water deliveries is deter-
providing for more water during critically-dry periods; mined by the same factors which determine the SWP
and 3) by improving the flexibility of seasonal SWP diver-monthly operational patterns (see "Monthly Operational
sions. This will be accomplished by improving south Del-Changes" in this chapter).
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Total annual unimpaired Delta inflows can range from South Delta Water Management Facilities
less than 7 MAF to more than 70 MAF. Storage facilities
north and south of the Delta help stabilize the annual wa- The enlargedforebay, new intake gates, and 10,300 cfs

ter supply, but hydraulic constraints and Delta protective pumping capacity can improve SWP operationalflexi-
criteria restrict diversions. Delta protective standards in bility to manage operations in a mannerthat will 1) im-
Decision 1485, as well as mitigation agreements and other prove project reliability, 2) reduce fishery impacts, and
contracts, restrict diversions and reserve surplus water 3) improve conditions for local agricultural diverters.
supplies for Delta protection. These factors, which affect With added operationalflexibility, theproject can bank
the SWP delivery capability, are discussed in greater de- water supplies south of the Delta during winter andhigh
tail in Chapter 3 under "Operational Considerations." flow conditions, when the abundance offish is low.

When inflow to the estuary is low, these supplies south of
The operational strategy of SWP reservoirs also helps de- the Delta can be used to reduce the demand on Delta ex-
termine SWP SWP facilities operations require and reduce impacts. Another operationalsupplies. estuary
a decision of how much water to release now for delivery advantage includes the ability to control the proportion
and how much water to store for insurance against un- of annual reserve storage in reservoirs north and south
known subsequentwaterconditions. Thereisatrade-off of the Delta. This could increase the frequency of refill-
between the level of current deliveries and the acceptable ing storage from varied runoff patterns.
level of risk that there will be insufficient future water The water quality of delivered supplies can also be ira-
supplies. Short-range decisions for the operation of SWP proved with added operational flexibility to reduce the
facilities are made with an annual "rule curve." The rule cost and difficulty of treating drinking water supplies.
curve is further discussed in Chapter 1 under"State Water The flexibility of an additional intake on Middle River
Project Operations." will reduce trihaIomethane formation potential, total

dissolved solids, and chlorides. Also, the ability to take
The nature of the factors for SWP delivery capability advantage of seasonal and short-term water quality im-
mentioned in the preceding paragraph means that the provements could further improve the quality of deliv-
amount of water the SWP can deliver to its water contrac- ered supplies. The project’s ability to meet increasingly
tots will vary yearly. Future entitlement requests by wa- complex water rights and water quality standards can
ter contractors may not always be met, even in non-criti- be improved by better flexibility to manage Delta salini-
cal years. Table 5-6 shows the total annual entitlement ty on a day-to-day basis during controlled flow condi-
water requested by water contractors and delivered by tions. Energy costs can also be reduced by a more flex-
SWP from 1967 through 1988. Data for Table 5-6 was ex- ible operation to buy available short-term electrical
tracted from the DWR Bulletin 132 series (Management of power
the California State Water ProjecO, published annually.

In addition to sh~fting exports away from high periods of
The SDWMP, discussed at length in Chapter 3 under fish abundance toperiods of low abundance in connec-

"Comparison of Physical and Operational Features," will tion with winter banking, project operationalflexibility

enable maximum SWP diversions from the Delta to in- can reducefish impacts in other ways. A largerforebay
crease from a daily average of 6,400 cfs (7,300 cfs under can increase the time in which the Delta Cross-Chan-
conditions determined by the Corps) to 10,300 cfs. In ad- nel can be intermittently closed to improve conditions

dition, these plans will make such projects as LBG and for fish migration in the Sacramento River Fish loss

KW-B feasible, due to predation can also be reduced by providing for
direct export capability from Italian Slough for short

Increasing maximum SWP diversion capacity and storage periods of time.
south of the Delta will enable: 1) increased diversions LocalagricuIturaldiverters can also benefit from added
from the Delta during periods of high Delta flow, 2) stor- A with additionaloperational flexibility. larger forebay
age of this surplus water, and 3) subsequent use during dry intakes can be operated during the b’rigation season to
or critical periods. As shown under "Monthly Opera- release waterto south Delta channels for improving wa-
tions," any of the alternatives presented, with respect to ter levels and circulation. Also the largerforebay can
the no-action alternative, tend to cause fewer SWP ex- reduce the frequency and duration ofgate openings and
ports during spring and summer and increased SWP ex- thereby reduce the effects to surrounding diverters.
ports in winter months during high Delta flows. Over-
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The water supply capability of the SWP has traditionally
Table 5-6. Annual SWP Entitlement Water been expressed in terms of its "firm yield." Firm yield is

Delivered (Acre-feet) the dependable annual water supply that can be made
Year Reauested~ Delivered2

available during extended dry periods without exceeding
1967 11,888 56,763 specified allowable reductions in deliveries to agriculture.
1968 267,000 294,457 The firm yield of the SWP is influenced by the same fac-
1969 248,800 268,104 tors that determine SWP delivery capability.
1970 252,787 369,459
1971 375,590 654,442 Table 5-7 shows the SWP firm yield for the no-action,
1972 820,640 1,031,770 preferred, and other alternatives. Table 5-7 also shows
1973 984,700 737,604 values of other parameters which help describe the reli-
1974 1,146,6~50 878,947 ability of SWP deliveries for each alternative. These vai-
1975 1,311,260 1,230,830 ues are derived from the operation studies conducted in
1976 1,488,870 1,380,124 support of the SDWMR The operation studies, discussed
1977 1,660,538 582,381 in detail in Appendix C, simulate the operation of the
1978 1,828,624 1,458,733 SWP during the 57-year study period of 1922 through
1979 1,855,003 1,666,457 1978 under various assumptions.
1980 1,880,386 1,530,256
1981 1,876,707 1,918,563
1982 2,342,576 1,750,680

Under the no-action alternative (Run 340B) and the pre-
ferred alternative and other alternatives (Run 327B), en-1983 2,365,818 1,187,156

1984 1,567,520 1,591,416 titlement requests are 3.3 MAF each year for the 57-year

1985 1,891,849 1,990,279 period. Delta inflow, outflow, and diversions comply with
Decision 1485 Delta water quality and flow standards and1986 2,364,193 1,999,155

1987 2,760,920 2,131,608 agreements. The monthly average values for the pre-

1988 2,625,328 2,383,570 ferred alternative and other alternatives reflect the as-
sumptions of LBG and KWB, which together add 2 to 3

1Requested amounts taken from DWR Bulletin 132 series MAP" storage to SWR and the capability of SWP to divert
and do not include requests for surplus water. 10,300 cfs from the Delta. The operation studies forboth

2Delivered amounts from Table B-5B in Bulletin 132-89. the no-action alternative and the preferred and other al-

all, total SWP diversions for the year for each alternativeternatives use the concept of the 1987 SWP water delivery

tend to exceed total SWP diversions for the no-action al-rule-curve to establish strategy for SWP operations.

ternative. Increasing annual SWP exports usually in-
creases the frequency with which project demands can beReferring to Table 5-7, dry period delivery capability of

the SWP can be measured using the indices of "Firmmetin noncriticalperiods.
Yield" and "Average Annual Dry Period Supply." As

Since SWP deliveries are variable, the reliability of SWPused in these studies, the "Firm Yield" value represents
deliveries is always of great importance to SWP waterthe level of annual SWP delivery that can be achieved
contractors. The reliability of SWP deliveries may beduring the historical 1928-1934 dry period, without ex-
demonstrated by the frequency, duration, and magnitudeceeding the allowable agricultural deficiencies specified
of deficiencies in deliveries. It may be represented by thein the water supply contracts. For these studies the "Firm
frequency with which entitlement requests are met or by Yield" agricultural deficiency criteria of 100 percent ac-
the ratio of the volume of delivered water to requestedcumulated deficiency over any 7-year period was
water over an extended study period. Reliability may alsoachieved by assuming 33.3 percent agricultural deficien-
be indicated by the average annual SWP delivery over ancies in each of th~ three years 1931, 1933, and 1934.
extended study period or by the SWP delivery during dry
periods. However it is examined, the reliability of SWP The "Firm Yield" is of limited use in the analysis of re-
deliveries is directly related to the capability of SWP to sults, because SWP requests are now much higher than
deliver water to entitlement holders and to the flexibility the "Firm Yield" level of delivery (Table 5-7). Thus when
with which the SWP can store surplus water over a sea- the SWP is operated to meet SWP requests (according to
son. the water-delivery rule curve), the required agricultural
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Table 5-7
Summary, of SWP Delivery, Capability Analysis

No-Action I Preferred     Other
Parameter Alternative Alternative Alternatives

11 Entitlement Request (excluding losses),
TAF/Year 3,289 3,289 3,289

2 Number of Years Entitlement Request not met .....
(out of 57 years in study) 38 .. 17 17

32 Frequency of Shortages in SWP Deliveries 67% 30% 30%

4 Firm Yield (excluding losses), TAFiYear 2,221 2,631 2,631

53 Average Annual Dry Period Supply, TAF/Year 2,200 - 2,535 2,535

6 57-Year Average Annual Delivery, TAF 2,770 3,104 3,104

74 Volumetric Reliability 84% 94% 94%

8 Lowest 1-Year Delivery, TAF (in 1977) 795 2,327 2,327

95 Minimum Required Carryover Storage for
Entitlement Request Delivery, TAF 2,730 .... 3,980 3,980

1Feather River Service Area requests and California Aqueduct losses are not included.
2Number of years entitlement requests not met divided by 57 delivery years.
3Total deliveries from March 1928 through February 1935, divided by 7 delivery years in the long-term (57 years) study.
4Total volume (over 57 years) of deliveries, divided by total volume (over 57 years) of entitlement request.
5Measured as September end-of-the-month storage in Lake Oroville plus SWP portion of San Luis Reservoir, plus
storage in proposed SWP reservoirs (LBG or KWB) when included.

deficiencies during the 1928-1934 dry period greatly ex-sion of the capability of the SWP to deliver water during
ceed total agricultural demands, and deficiencies in mu-extended dry periods.
nicipal and industrial demands are also required. Accord-
ingly, "Firm Yield" is currently used only as a general in-The "57-Year Average Annual Delivery" index in Table
dicator of dry-period delivery capability, average capability un-5-7shows the delivery of theSWP

der the wide range of hydrologic conditions characteristic
of the historical 57-year period of 1922 through 1978.

A more realistic indicator of SWP dry period delivery ca- The parameters mentioned above, as well as others shown
pability is the ’~verage Annual Dry Period Supply,"in Table 5-7, together indicate the nature of the reliability
which is the average annual delivery during the 7-yearof each alternative. As the indices, "Firm Yield," ’~ver-
critical period in long-term studies (1922-- 1978). An in-age Annual Dry Period Supply," and "57-Year Average
crease in the ’Nverage Annual Dry Period Supply" repre- Annual Delivery," increase in value, the reliability of the
sents an alternative’s enhancement of dry-period deliv-alternative’s capability to provide SWP deliveries in-
ery capability of the SWP in long-term studies. In long-creases.
term studies, higher deliveries maybe made in years prior
to the outset of the drought, which can reduce the SWPNo-Action Alternative. Under the no-action alternative,
carry-over storage and thus reduce deliveries during thethe Average Annual Dry Period Supply will be 2200 TAF/
1928-1934 dry period. The ’~kverage Annual Dry Period year. Annual SWP deliveries will fall short of entitlement
Supply" is generally considered the most realistic expres-requests 67 percent of the time. The volumetric reliability
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Figure 5-2
Monthly Average Net Delta Outflow
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(total volume of deliveries over the 57-year study perioddue to the SDWMP would not substantially change the
divided by total volume of entitlement request over thehydraulic barrier under any of the alternatives being con-
57-year study period) will be.84 percent, sidered.

Preferred Alternative. Under the preferred alternative, the No-Action Alternative. Delta outflow will vary, depending
values of all of the indices indicating SWP delivery reli- on project pumping restrictions, water quality standards,

no-action alterna- and hydrologic conditions in the Delta. The highest out-abilitysignificantlyimprovedoverthe
rive. Indices indicate that the SWP’s delivery capabilityflows will occur during the winter and spring (December
during dry periods is particularly enhanced. The ’~ver-to June). During these months, the average daily outflow
age Annual Dry Period Supply" increased 335 TAF/year. is almost 25,500 cfs. During the drier months (July to N6-

The frequency with which annual entitlement requestsvember), outflows average about 6,270 cfs. Monthly Delta
could not be met decreased from 67 percent down to 30outflows range from a minimum of about 3,044 cfs during
percent, while the volumetric reliability over the 57-yearcritical years to a maximum of 79,439 cfs during wet years.

study period increased from 84 percent to 94 percent. Table 5-8 shows the average monthly Delta outflows for
the no-action condition over the 57-year study period.

Other Alternatives. The other alternatives improve SWP
reliability over the no-action alternative to the same de-Preferred Alternative. The annual Delta outflow for the

gree as the preferred alternative. The alternatives underpreferred alternative is slightly smaller than that for the

the SDWMP, with the exception of the no-action alterna- no-action alternative (depending on year type, from 1.3

rive, include the same features as the preferred alterna-percentto4.3percentreduction).Reductionsof thismag-

tive to increase SWP reliability: LBG, KWB, and maxi- nitude do not appear to affect beneficial uses in the Delta,

mum SWP diversion capacity of 10,300 cfs. as discussed in later sections of this chapter. Net Delta
outflow varies between a minimum of 3,224 cfs during crit-

Impacts on Delta Outflows ical years and a maximum of 78,530 cfs during wet years.

Delta outflow is the water that flows through the Delta
Other Alternatives. Except for the no-action alternative,
all the alternatives were evaluated using the same as-and past Chipps Island to San Francisco Bay. Delta out-sumptions and values for Delta inflows and outflows.flow averages about 13.0 MAF per year. The magnitudeTherefore, the net Delta outflow is the same for the pre-

of this flow depends on Delta inflow, export, and deple-ferred alternative for all the other alternatives.astions of channel water within the Delta. Major Delta in-
flow consists of the Sacramento River, San Joaquin River,Impacts on Delta Outflow Pulses
and the Eastside Stream Group. The Sacramento River
flow is categorized into the five main water year types asDelta outflow pulses are flows past Chipps Island that ex-
identified in Decision 1485 (wet, above-normal, below-ceed the base flows. Pulses can occur throughout the year
normal, dry, and critical). Delta exports consist of CVP, but usually occur during late fall and winter due to lower
SWP, North and South Bay Aqueduct, and Contra Costaelevation precipitation runoff and in the spring from the
Canal (CCC) pumping. Channel depletions occur due toSierra snowmelt and project water releases.
crop irrigation, evaporation, and channel seepage. Dur-
ing normal water years, Delta outflow is higher in winter The of flows the Delta andimpacts pulse on Bayestuary
and spring and decreases during summer and early fall.are still not completely understood. The current SWRCB

Bay-Delta Hearings are trying to evaluate this impact
Fresh water Delta outflow establishes a hydraulic barrier through testimony presented by public agencies, local en-
to prevent ocean water from intruding deep into the Delta rifles, and private interest groups.
and affecting municipal and agricultural water supplies.
The hydraulic barrier, where fresh water gradually mixes Delta outflow pulse volumes are used to classify pulses
with ocean water, is located near Chipps Island duringinto four categories: a)over 25,000 cfs; b)over 50,000 cfs;
moderate Delta outflow periods. Delta flows provide a c) over 75,000 cfs; and over 100,000 cfs (Table 5-9). An
nutrient-rich environment for the multitude of organismsoutflow pulse is measured from the time when outflow in-
that are an integral part of the Bay-Delta food chain. Fig- creases sharply on the hydrograph curve to the time when
ure 5-2 displays the Delta outflow characteristics duringthe outflow levels off. The flow difference between the
varying hydrologic conditions. Changes in Delta outflow two times on the curve is the magnitude of the pulse and is

95

C--041 343
G-041343



Table 5-8
The no-action condition corresponds to the "existing faci-

Monthly Average Net Delta Outflows, 1922-1978 lities" category, whereas the preferred alternative and the

( Values in cubic feet per second) other alternatives correspond to the "proposed facilities"

No Action Alternative category.
Water Years

Mort. cdt, I i B/nor,] A/nor.] W¢l~ ] All No-Action Alternative. Under the no-action alternative,
SWP exports will be limited to a maximum of 6,680 cfs dai-Oct 6,355 5,354 7,146 4,921 7,562 6,469

Nov 5,296 6,132 6,897 6,969 12,024 8,260 ly average diversion. The number of pulses for outflows
Dec 5,190 7,037 10,519 13,009 40,977 19,750 below 100,000 cfs will remain the same or increase by one
Jan 4,877 10,532 11,892 16,259 78,687 33,700 or two, compared to the historical condition. Flow aver-
Feb 5,825 15,833 29,305 34,388 79,439 41,249 ages also will not change significantly. For Delta out-
Mar 5,347 11,962 21,321 41,852 57,431 33,076 flows exceeding 100,000 cfs, the number of pulses de-
Apr 5,521 8,250 9,114 23,012 44,873 22,816 creases by three, compared to the historical condition,
May 4,639 7,579 9,685 16,423 30,923 16,869 while the average magnitude of the pulses increases byJun 3,935 6,262 8,433 11,503 20,555 12,000 3,000 cfs.Jul 4,379 4,972 6,411 8,088 9,797 7,296
Aug 3,767 4,133 4,986 5,469 5,910 5,058
Sep 3,044 3,916 4,222 4,048 5,097 4,264 Preferred Alternative. Table 5-9 shows the outflow pulse

variations between the no-action SWP and the preferred
.. Preferred and Other Alternatives alternative facilities. Overall, the preferred alternative

l Water Years
Mon. Crit.I Dry. ] B/nor. [ A/nor. I Wet ’" ] ’All produces minimal changes in outflow pulse characteris-

.... tics compared to the no-action condition. The average
Oct 6,229 5,315 6,606 4,918 6,690 6,059 magnitude of the pulses varies slightly, with the largestNov 5,371 6,042 6,484 6,260 10,626 7,592
Dee 5,245 6,609 10,176 12,427 38,052 18,545 variation occurring in the 50,000 to 75,000 cfs category,
Jan 5,109 9,573 11,702 14,442 77,333 32,761 where the average magnitude increases by 1,000 cfs.
Feb 5,400 14,610 27,983 34,062 78,530 40,383
Mar 5,099 10,854 20,014 39,992 55,675 31,705 Other Alternatives. The impact of all the alternatives on
Apt 5,357 8,062 8,784 20,817 44,067 22,048 Delta outflow surges will be the same as that of the pre-
May 4,639 7,579 9,685 16,421 30,924 16,869 ferred alternative.
Jun 4,019 6,262 8,433 11,502 20,555 12,012
Jul 4,056 4,860 6,204 7,821 9,749 7,132 Impacts on Delta Municipal and Industrial Uses
Aug 3,637 4,310 5,164 5,725 5,504 5,011
Sep 3,225 3,904 4,322 4,156 4,892 4,256 The water quality of SWP diversions during dry periods

can be substantially improved under the SDWMP. There
classified into one of the four categories mentionedis also a potential for significant improvements to the wa-
above, ter quality of Contra Costa Water District (CCWD) and

CVP diversions.
Duration and frequency are other aspects of outflow pulses
that the considered alternatives can impact. Duration isMajor diversions from the Delta for municipal and indus-
the length of time the pulse flow occurs. A pulse must oc- trial uses, other than the Delta-Mendota Canal (DMC)
cur a minimum of five days to be counted as a pulse flow. and California Aqueduct diversions, are the Contra Costa
Pulse duration and volume are interrelated: the higherCanal (CCC) intake on Rock Slough, the North Bay
the volume, the longer the duration time. Frequency isAqueduct intake on Barker Slough, and offshore diver-
the rate at which a certain flow interval occurs. Historical- sions in the western Delta from Antioch to Crockett. De-
ly, smaller pulses tend to have higher frequencies than docision 1485 municipal and industrial standards for the
large pulses. CCC intake and for Antioch are similar, but they allow

use of CCC supplies as a substitute for those at Antioch
Table 5-9 shows the historical condition, the no-action,when offshore water quality is inadequate for the in-
and the preferred alternative condition for water years tended use. The 250 mg/l maximum mean daily chlorides
1955 through 1978. The table categorizes pulses into vol-must always be met at the CCC intake. Also, a 150 mg/1
ume ranges, where in each range the average modeledmaximum mean daily chloride standard must also be met
flows in 1,000 cfs and the number of pulses are identified,for a specified portion of the year, depending on the water
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Table 5-9
Comparison of Number of Pulses of Large Delta Outflows, 1955-1978

Delta Outflow (cfs)

to 50,000 50,000 to 75,000 ] 75,000 to 100,000    > 100,00025,000
Condition                        (avg of 34,500) (avg of 62,500) I (avg of 93,000) (avg of 167,000)

Historical 29 9 9 20

No-action alternative (no South Delta
improvements; outflows adjusted to
reflect 3.3 MAF SWP demands) 27 9 11 18

Preferred and other alternative
(Delta improvements, Los Banos
Grandes Reservoir, Kern Water Bank;
outflows adjusted to reflect 3.3 MAF
SWP demands 27 9 11 18

year classification. The quality of these supplies is af-return flows and surface runoff. The salinities shown at
fected by Delta outflows, reverse flows of the San JoaquinOld River at Rock Slough meet Decision 1485 standards
River at Antioch, and local agricultural return flows, for all year types and should be met at the intake.

DWR has contracts with the City of Antioch, the No-Action Alternative. Under the no-action alternative,
Fibreboard Corporation, and CCWD that establish for-Decision 1485 municipal and industrial standards would

for additional of always be with the Contra Costa Canal used at timesmulasfor Statereimbursement the cost met,
substitute water from the Contra Costa Canal. The con-by the city of Antioch.
tracts are discussed in Chapter 1 under"Delta Water Con-
tracts." Preferred Alternative. Under the preferred alternative,

Decision 1485 municipal and industrial standards would
Decision 1485 municipal and industrial standards for thebe met for all years. Water quality conditions at Antioch
Clifton Court Forebay intake and the DMC also specify a would be improved in spring and summer months during
maximum of 250 mg/1 mean daily chlorides. SWP exportthe representative critical and dry years. In general, un-
quality objectives at Clifton Court Forebay are 100 mg/1der the preferred alternative, the stations in the west Del-
chlorides on a monthly average basis, ta for Decision 1485 municipal and industrial standards

would moderate to substantialexperience improvements
Table C-12 in Appendix C shows projected salinities forin salinity in spring and summer during the representative
various locations during the representative critical, dry,dry and critical years, and slight to moderate increases in
below normal, above normal, and wet years. However,salinity in winter during the representative above-normal
since Delta inflows and exports can vary, monthly salini-and wet years. These trends reflect the difference in Sac-
ties of the no-action and the other alternatives can varyramento River flows, Delta exports, and net Delta out-
substantially, flow between the preferred alternative and the no-action

alternative.
The monthly average salinities comply with Decision 1485
municipal and industrial standards, with Antioch at timesUnder the preferred alternative, the water quality at the
needing toobtain supplies from Rock Slough. Table C-12intake to Clifton Court Forebay and the DMC intake
shows salinities for the various alternatives for Old Riverwould substantially improve from March through August
at Rock Slough, about 2.5 miles east of the Contra Costaduring the representative critical year. Salinity at the
Canal intake. The Decision 1485 standards shown are forDMC intake would increase slightly during therepresen-
the intake. At times, salinities at the two locations are dif- tative dry and above- normal years. At Old River at Rock
ferent; some degradation is caused by local agriculturalSlough, Decision 1485 standards would always be met.
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Water quality would improve from February through Sep- ing the Delta from the Bay estuary. The concentration ra-
tember during the representative critical year. Salinitytio ofbromide to chloride in sea water is about l:300.Mea-
here would increase slightly during the representativesurementsofDeltawaterindicatetherelationshipissimi-
dry, below-normal, and above-normal years, but still re-lar, thus demonstrating that salinity intrusion from the
main within Decision 1485 standards. Bay is a major source of bromides in the Delta.

Dependable water quality in municipal and industrial wa-The preferred alternative will improve water quality (re-

ter supplies is an important component of water supply re-duce TDS, chloride, and bromide levels), thus reducing
liability. The preferred alternative’s impact upon SWPthe formation of THM precursors in the south Delta. Fig-
reliability, discussed in Chapter 5 under "SWP Reliabil-ure 5-3 shows that for the wet water year that followed
ity," focused on water volume. However, reliability is also two critically dry years, and the critically dry water year,
affected by water quality. ,Because the water quality of the preferred alternative substantially improves TDS lev-
SWP diversions is substantially improved during dry andels at the SWP intake gates.
critically-dry periods under the preferred alternative, tl~e

South Delta improvements include enlarging Cliftonreliability of the SWP is improved. Additional work by
DWR to protect the State’s drinking water supply is dis- Court Forebay into agricultural land on Victoria Island.

cussed in Chapter 6. The agriculture drainage water from this area tends to
have high amounts of humic acids and organic corn-

Salinity levels in the Delta channels are also important to    pounds (trihalomethane formation potential [THMFP])
due to the water’s contact, mixing and dissolution with themunicipalandindustrialwaterusers.Chloride,oneof the

salts found in Delta water, is monitored and controlledorganic soil. This drainage water is pumped back into the

through drinking water standards. Sodium in Delta waterDelta channels. Changing the land use from agriculture

is also of health interest because of suspected effects onto water storage should help reduce the amount of

the human circulatory system. THMFP released into the south Delta channels.

During the initial filling of the proposed enlarged forebay,
Bromides, salts that enter the Delta from the ocean, canTHMFPs may significantly increase in the forebay due to
combine to form suspected cancer-causing chemicalsthe abundance of undissolved organic soils. It is expected
called trihalomethanes (THMs). During the treatment of that after a short period, the soluble precursors at the
drinking water, the chlorine used as a disinfectant con-terface between the soil and water should be rapidly ex-
tacts the naturally occurring dissolved organic chemicalshausted, and the THMFP level should subside to normal
resulting from plant decay. The reaction forms chloro- channel concentrations. THMFP extraction from deeper
form, a type of THM containing chlorine and carbon, organic soils will be slower due to restricted waier move-
When bromides are also present, these salts enter thement through the soil capillaries. Also, constant silt depo-
chemical reaction, creating THMs that contain bromine sition will produce a boundary between the organic soil
in addition to chlorine and carbon. (Brown and Caldwelland water, slowing THMFP production even more. The
Consulting Engineers report, Delta Drinking Water Quality net result is that the enlarged forebay will probably incre-
Study, May 1989). mentally decrease the amount of THMFPs in both the

The bromine-containing THMs present a number of
forebay and south Delta.

problems in drinking water. Their presence complicatesOther Alternatives. Under the other alternatives, with the
treatment processes because they react differently toexception of Northern Intake with Barrier Configuration A
treatment methods than does chloroform. Since bromideand Northern Intake with CVP Tie-in and Barrier Configura-
has twice the molecular weight of chlorine, the presencetion A, water quality at the various Decision 1485 munici-
of bromide-containing THMs increases the difficulty of pal and industrial stations would be improved in the same
meeting the weight-based drinking-water standard formanner as under thepreferred alternative. Decision 1485
THMs. There is also evidence that bromide-containingmunicipal and industrial standards would be met; howev-
THMs may be more carcinogenic than chloroform, er, water quality would generally not be improved as

greatlyaswith the preferredalternative.
The potential of Delta water to form bromide-containing
THMs is related to the concentration of bromides in theUnder the alternatives Northern Intake with Barrier
water and, thus, to the ocean-derived salinity level enter-Configuration A and Northern Intake with CVP Tie-in
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and Bar~er Configuration & water quality at Decision north; that, in itself, will improve water levels in the south
1485 municipal and ag~cultural standards locations wouldDelta.
not sign~icantly ~prove from that obse~ed with the no-
action alternative dung times when the preferred alter-The SDWMP w~l help protect south Delta water quality
native ~used the greatest improvements. Specifically,by the follow~g measures:
these two alternatives would cause slight increases in sa-̄ Reclamation w~l continue to abide by the provisions
l~ity at the locations of Decision 1485 municipal and in the Settlement Framework Agreement of October
dustrial standards in spring and summer during the repre- 10, 1986 pertaining to water ~ows and quality in the
sentative cNtical and dq years; However, Decision I485 San Joaquin River at Vernalis.
standards would be met.

¯ DWR and Reclamation propose to operate ba~ier-

Delta                   t~e t~cilities in the south Delta to restrict San Joa-Impactson Agricultural Uses quin River water from ente~ng the south Delta.
and Water ~vels

¯ DWR and Reclamation will use the existing SWP and
CVP intakes with the new intakes to help maintainThe SDWMP w~l improveconditionsfor agriculturein
the water quality benefits provided by existing opera-the south Delta by improving water levels in south Delta tions and to lower flood water levels in the southchannels during the irrigation season and by helping to

protect south Delta water quality.                          Delta.
¯ DWR will plan and design improvements to the SWP

~e SDWMP alternatives provide for the planning and forebay with the capability of releasing water ofquali-

of facilities in ty equal to SWP e~orts du~ng the ~gation seasonoperation ba~ier-t~e orderto raisethe
water levels ~ south Delta channels during the irrigation from the existing Clifton Court Forebay gates to
season. ~e SDWMP also provides for forebay improve- prove water quality at the western side of the barrier-

ments to reduce the drawdown on south Delta channels type facilities in the south Delta.
and allow for more flexible intake gate operation during¯ ~e barcier-t~e facilities will be operated to im-
times of critically low tides. The forebay improvements prove circulation of water through south Delta chan-
include moving the location of SWP diversions farther nels.
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I
Analysis shows that the SDWMP alternatives can im- ly saline concentrations from the San Joaquin River and
prove south Delta water levels, circulation, and wateragricultural return flows.
quality, while causing no significant negative impacts on
water levels in the central Delta downstream of the pro- South Delta users have expressed concern about possible

posed barrier-type facilities or in the vicinity of the pro- impacts to water levels as a result of the facilities pro-

posed forebay intake structures, posed in the SDWME Drawdown near the new forebay
intake gates is of concern, especially with the proposed in-

Figures 5-4, 5-5, 5-6, 5-7, and 5-8 show the extent of ira-creased SWP daily average pumping capacity to 10,300 cfs

provement in water levels and water quality possible un-and a possible CVP tie-in to the forebay. Concern has
SDWMP alternative. The information also been expressed about possible impacts to water levelstier thepreferred

in Figures 5-5, 5-6, and 5-7 comes from simulation of thedownstream of the proposed barrier-type facilities. Po-

representative dry year (196,4 in operation study 327B). tential problems of channel scouring near the proposed
forebay intake gates and siltation in south Delta channels

Figures 5-5 and 5-6 show that the preferred alternativeare evaluated in this chapter under the section, "Scouring

can significantly improve both water levels and waterand Siltation."
quality upstream of the barrier-type facilities when they
are operated (in this case from February through August).~bles and figures projecting changes in water levels and

Figure 5-7 shows how improvement in water levels tendssalinity in the west, interior, and south Delta are provided

to vary along Old River, Middle River, Grant Line Canal, in Appendix C. The analysis in this section on impacts to

and the upper San Joaquin River when the barrier-typeDelta agricultural uses is based on how water levels and

facilities operate during the representative dry year. salinity concentrations change under each alternative,
compared to conditions under the no-action alternative.

Figure 5-8 shows that the preferred alternative can alsoFactors important to the incremental analysis include:
improve water levels in the south Delta when the barrier-
type facilities are not operating, even if SWP exports̄ Alternatives with south Delta improvements and a
should increase, maximum of 10,300 cfs SWP pumping tend to de-

crease exports in summer months. This, in itself, tends
Improvements will exist both for periods when SWP ex- to improve water levels in the south Delta during the
ports up to 10,300 cfs and for periods with high summer irrigation season (see Chapter 5, "Monthly Opera-
channel depletions and low San Joaquin River flows, tional Changes").
These improvements are documented by mathematical̄ Incremental analysis was performed under a wide
modeling and are corroborated by field experience during range of hydrologic conditions by using five water
the 1976-1977 drought and by interim measures in the years out of the 57-year study period from the state-
Delta. For the representative dry year simulation men- wide operation simulation.
tioned above, SWP exports under the preferred alterna-
tive ranged from about 10,200 cfs in January to about 1,000̄ The forebay intake gates were operated to avoid di-

cfs in August. vetting Delta water at low tide. For alternatives with
an enlarged forebay, there would have been increased

In the west and interior Delta, agricultural uses of Delta flexibility in daily intake operations for additional

water supplies can be affected by varying Delta outflows improvements to agriculture conditions, but this was

and the corresponding variations in salinity concentra- not considered in the analysis.

tions, and by the buildup of saline agricultural return̄ For each alternative, except for the no-action alter-
flows. In the south Delta, agricultural uses are affected native, the siphons at the mouth of’Ibm Paine Slough
less by salinity intrusion from the ocean and more by high- were assumed to be installed and operating.

!
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Figure 5-5
Improvement in Water Levels in the South Delta under the Preferred Alternative

Representative Dry Year
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Figure 5-6
Improvement in Monthly Average Salinity in the South Delta under the Preferred Alternative

Repr~entative Dry Year
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Note: During some months, salinity improvement does not occur at isolated Ioctions. It is anticipated that the
new facilities will allow for the operational flexibility to provide for improvement in salintiy in these months and
locations.

103

C--041 351
(3-041351



Figure 5-7
Profiles of Improvement in Water Levels in the South Delta under the Pre~rred Alternative

when Barriers are Operating
Repr~enNtive Dry Year
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Figure 5-8
Improvement in Water Levels in the South Delta under the Preferred Alternative

Due to Forebay Impr~vement~ Alone
When SWP Diversions in the No-Action Alternative Exceed 4,500 CFS
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Consultants for SDWA, through negotiations, have hadgates. Table C-16 indicates that drawdown of average and
considerable input in the evaluation of barrier-type facili-minimum water levels during the irrigation season is lim-
ties for agriculture, ited to about 0.2 feet and should rapidly diminish within a

short distance downstream of the barrier. Therefore,
Water Levels drawdown near the proposed intake gates is not expected

Tables C-15, C-16, C-17, and C-18 in Appendix C show
to be significant.

changes in monthly average and minimum water levels forTable C-17 shows changes in average and minimum water

the five representative water years at 11 locations in thelevels downstream of the barrier-type facilities. This

south Delta. This provides a comprehensive summary oftable shows that average and minimum water levels

incremental improvements to water levels. The remain-caused by State and federal operations and the operations

ing information concerning ~he impacts on water levelsof barrier-type facilities on Old River, Middle River, and

was taken from these tables. Grant Line Canal can be lowered about 0.2 foot. It is ex-
pected that this impact will rapidly diminish within a short

Figure C-14 shows the information from Tables C-15distance downstream of the barrier. Therefore, the ira-

through C-18 for the preferred alternative for the repre- pact of operating the barrier-type facilities on average

sentative dry year. The barrier operation and State andand minimum water levels downstream of the facilities is

federal exports vary for each water year studied, but thenot expected to be significant.

degree of improvement to water levels caused by both theTable 5-10 summarizes the trends, presented in Tables
operation of barrier-type facilities and the forebayconfig- C-15 through C-18 and Figures C-14 through C-17 for
uration are consistent from year to year. The dry year is the eight SDWMP alternatives to the no-action condi-
presented as indicative of the magnitude of the improve-tion, of improvements in south Delta water levels due to
ments in water levels in the Delta possible with thethe forebay configuration and barrier operation.
SDWMP alternatives during any year. Figure C-14 shows
that, for locations upstream of the barrier-type facilities, The following paragraphs discuss specific trends in water
the improvement to water levels with the barrier-type fa- level impacts by location (downstream of barrier-type faci-
cilities in operation differs significantly from times when lities versus upstream of barrier-type facilities) and by
they are not operating, whether or not the barrier-type facilities are operating:

Figure C-15 in Appendix C shows, for the preferred alter- bnpacts Upstream of Barrier-Type Facilities

native, profiles of improvements to average and minimumin the South Delta:

water levels along Grant Line Canal, Old River, Middle A. Effect of Forebav Configuration Alone
River, and the upper San Joaquin River when barrier-
type facilities are operating during the five representative 1) Without a CVP tie-in to the forebay, average wa-
water years, ter levels in Old River and Grant Line Canal are

improved 0.2 to 0.4 foot. Minimum water levels
Figure C-16 shows, for the preferred alternative, proj- in Old River, Middle River, and Grant Line Ca-
ccted improvements to water levels at 16 south Delta lo- nal are unchanged from the no-action alterna-
cations caused by forebay improvements alone. The im- rive.
provements to water levels are projected as a function of

2) With a CVP tie-in to the forebay, average waterchanges from the no-action alternative in SWP exports,
levels in Old River and Grant Line Canal are im-and the forebay configuration (and hence forebay intake
proved 0.2 to 0.6 foot. Minimum south Delta wa-location). Figure C-16 shows times when the SWP export
tcr levels are improved approximately 0.2 to 0.4in the no-action alternative is above 4,500 cfs. Incremen- foot.tal improvements to water levels in the south Delta

caused by the improved forebay alone was highest when 3) Without a barrier-type facility operating on
SWP exports in the no-action alternative exceeded 4,500 Middle River, water levels in Middle River are
cfs. unaffected by a CVP tie-in to the forebay.

4) Improvements to south Delta water levels in-
Table C-16 in Appendix C shows changes in average and crease as the forebay intake location is moved
minimum water levels near the proposed forebay intake farther north.
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Table 5-10
Typical Improvements in Water Levels in South Delta Channels

for Various Combinations of Barrier-T~pe Facilities (Values in feet)

Average Water Levels Minimum Water Levels
Combination of Barrier Facilities in O ~eration Combination of Barrier- .Type Facilities in Operation

Old R. Grant Line Cn. Old R. Grant Line Cn.
None op- Old R.     Middle R. Old R. None op- Old R. Middle R. Old R.

Alternative erating Middle R. Old R. at Head Middle R. erating Middle R. Old R. at Head Middle R.

Old River at Tracy Road Bridge

1 0.2 0.5 0.3 * 0.0 0.8 0.5 *
2 0.2 * * 0.8 0.0 * * ..... 1.6

4 0.2 * * 0.8 0.0 * * 1.5
5 0.3 0.5 0.3 * 0.3 0.8 0.5 *
6 0.3 * * 0.8 0.3 * * 1.6
7 0.6 * * 1.0 0.4 * * 1.7
8 0.4 * * 0.8 0.3 * * 1.6

Old River at Middle River

1 0.2 ’0.3 -0.2 * 0.0 0.2 -0.7 *
2 0.2 * 0.7 0.0 * * 1.2

4 0.2 * * 0.6 0.0 * * 1.2
5 0.2 0.3 -0.1 * 0.2 0.4 -0.5 *
6 0.2 * * 0.6 0.2 * * 1.3
7 0.5 * * 0.8 0.3 * * 1.3
8 0.3 * * 0.6 0.2 * * 1.2

Middle River at Howard Road

1 0.1 1.5 1.2 * 0.0 2.6 2.3 *
2 0.1 * * 1.4 0.0 * * 2.5

4 0.1 * * 1.3 0.0 * * 2.5
5 0.1 1.6 1.2 * 0.2 2.7 2.2 *
6 0.1 * * 1.4 0.2 * * 2.4
7 0.1 * * L2 0.3 * * 2.4
8 0.1 * * 1.3 0.2 * * 2.4

Grant Line Canal at Tracy Road

1 0.2 0.2 0.0 * 0.0 0.1 -0.2 *
2 0.2 * * 0.8 0.0 * * 1.5

4 0.2 * * 0.7 0.0 * * 1.5
5 0.3 0.3 0.1 * 0.3 0.2 -0.1 *
6 0.3 * * 0.7 0.3 * * 1.5
7 0.6 * * 0.9 0.4 * * 1.6
8 0.4 * * 0.7 0.3 * * 1.5

Note: Asterisk signifies that this combination of facilities not evaluated.
Alternatives:
1 Northern Intake with Barrier Configuration A
~ N~r~he~ ~n~kg ~h B~r~gr ~9~figurati0~ B

l~EEPg-~:[err~e d_Al~egr~ a ~iye .......................................................................................
4 Enlarged Forebay - Highway 4 Intake with Barrier Configuration B
5 Northern Intake with CVP Tie-in and Barrier Configuration A
6 Northern Intake with CVP Tie-in and Barrier Configuration B
7 Enlarged Forebay with CVP Tie-in - North Victoria Intake with Barrier Configuration B
8 Enlarged Forebay with CVP Tie-in - Highway 4 Intake with Barrier C0nfiguratio~ B
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5) Improvements to south Delta water levels are 2. Old River
greatest when the no-action alternative has high
SWP exports, a) Operation of a barrier-type facility on Old River

near the DMC Intake alone improves average
6) As SWP exports increase over those in the water levels in Old River from about 0.2 foot at

no-action alternative, improvements to south the confluence with the San Joaquin River to ap-
Delta water levels diminish, proximately 0.6 foot at the barrier-type facility.

Minimum water levels are improved from about

B. Eff¢¢!t of Forebay Configuration and !!arrier-Tcoe -0.2 foot at the confluence with the San Joaquin

Facilities River to about 0.7 foot at the barrier-type facility.

1. Middle River                                       b) The improvements to water levels in Old River
when a barrier-type facility is operating on Old
River near the DMC Intake, are also affected by

a) Operating a barrier-type facility on Middle River the operation of a partial barrier-type facility on
improves average water levels in Middle River Grant Line Canal and a full barrier-type facility
from about 0.7 foot at the confluence with Old at the head of Old River.
River to approximately 1.4 feet at the barrier.
Minimum water levels are improved from ap- c) When a partial barrier-type facility on Grant

proximately 1.2 feet at the confluence with Old Line Canal is operating, along with the facility on

River to about 2.5 feet at the barrier. Old River near the DMC Intake, average water
levels in Old River tend to improve about an ad-

b) The improvements to water levels in Middle Riv- ditional 0.3 foot over that when the barrier on
er are relatively independent of whether there is Old River near the DMC Intake operates alone.
a CVP tie-in to the forebay and are relatively Minimum water levels improve approximately an
independent of the changes in SWP exports from additional 0.9 foot. Overall, when compared to
the no-action alternative, the no-action alternative, operating a partial bar-

tier-type facility on Grant Line Canal and a full
c) The improvements to water levels in Middle Riv- barrier-type facility on Old River near the DMC

er are not significantly affected by the operation Intake improves average water levels in Old Riv-
of a barrier-type facility on either Grant Line er from about 0.5 foot at the bifurcation with the
Canal or Old River near the DMC Intake. San Joaquin River to approximately .0.9 foot at

d) Theoperationofanadditionalbarrier-typefacil- the barrier-type facility. Minimumwaterlevels

ity at the head of Old River has the potential to are improved from about 0.7 foot at the bifurca-
tion with the San Joaquin River to approximatelyreduce the improvements to water levels along

Middle River. With the barrier-type facilities at 1.6 feet at the barrier-type facility.

the head of Old River and on Middle River con- d) Operating the barrier-type facility at the head of
tinuously operating, improvements to average Old River has the potential to significantly de-
water levels on Middle River range from ap- crease the improvements to water levels in Old
proximately zero at the confluence with Old River induced by the operations of the Old River
River to 1.2 feet at the barrier-type facility, near the DMC Intake and Grant Line Canal bar-
Improvements to minimum water levels would rier-type facilities. When the barrier-type facili-
now range from about-0.5 foot at the confluence ties at the head of Old River and in Old River
with Old River to approximately 2.2 feet at the near the DMC intake are simultaneously and
barrier-type facility. Actually, the barrier-type continuously operated, improvements to average
facilityat the head of Old River would not be left water levels in Old River range from approxi-
open if operation would adversely impact water mately only -0.5 foot at the bifurcation with the
levels in the south Delta. Operation of the bar- San Joaquin River to about 0.5 foot at the bar-
rier-type facility at the head of Old River to opti- rier-type facility. Minimum water levels are im-
mize improvements to water levels will be in- proved from about -1.0 foot at the bifurcation
cluded in actual operations, with the San Joaquin River to approximately 0.9
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l foot at the barrier-type facility. Actually, the bar- d) Improvements to water levels in Grant Line Ca-
tier-type facility at the head of Old River would nal due to the operation of a barrier-type facility

I not be left open if operation would adversely ira- on Grant Line Canal are relatively independent
pact water levels in the south Delta. of both forebay intake location and to any

e) Improvements to water levels on Old River due changes in SWP export levels.

I to the operation of barrier-type facilities are rel- e) Improvements to water levels in Grant Line Ca-
atively independent of both forebay intake loca- hal due to the operation of a barrier-type facility
tion and to any changes in SWP export levels, on Grant Line Canal are relatively unaffected by

I f) Improvements to upstream water levels in Old whether or not there is a CVP tie-in to the

River due to the operation of barrier-type facili- forebay.

ties are relatively u,naffected by whether or not Impacts Downstream of the Barrier-~pe Facilities in the

I there is a CVP tie-in to the forebay. South Delta

3. Grant Line Canal A. Effect of Forebav Configuration Alone

a) Operating a barrier-type facility in Old River
near the DMC Intake alone slightly (0.1 foot) im- 1) Water levels in the immediate vicinity of the pro-
proves average and minimum water levels in posed intake gates maybe lowered approximately

i Grant Line Canal beyond what could be expected 0.2 foot. It is expected that this impact will rap-
due to just moving the forebay intake location idly diminish with distance and will not be signifi-
farther north. These improvements to water lev- cant.

i els in Grant Line Canal due to a barrier-type fa- 2) Without a CVP tie-in to the forebay, minimum
cility in Old River near the DMC Intake also de- water levels are unaffected by the alternatives.
pend on 1) whether there is a CVP tie-in to the
forebay, 2) the location of the forebay intake, and 3) With CVP tie-in to the forebay, minimum water

I levels along Old River from Clifton Court Ferry3) the change in SWP export rate from the no-
action alternative, to Highway 4, along Victoria Canal, and along

Middle River from Victoria Canal to Woodward
b) When a partial barrier-type facility is operated Canal will improve from 0.0 to 0.4 foot. The de-

conjunction a gree of improvement depends on the forebay in-on GrantLine Canalin with bar-
tier-type facility on Old River near the DMC In- take location and how SWP exports vary from the
take, water levels in Grant Line Canal substan- no-action alternative.

I 4) Average water levels tend to improve 0.0 to 0.6tially improve.Averagewater levelsinGrant
Line Canal improve about 0.8 foot while mini- foot for the same areas mentioned in 3) above.mum water levels improve about 1.5 feet. These improvements are greater for the alterna-I c) Operating a barrier-type facility at the head of a forebay, mag-tiveswith CVP tie-intothe The
Old River has the potential to significantly de- nitude of the improvements to average water
crease improvements to water levels in Grant levels depends on both the forebay intake loca-

l Line Canal induced by the operations of the Old tion and how SWP exports vary from the no-ac-
River near the DMC Intake and Grant Line Ca- tion alternative.
nal barrier-type facilities. When the barrier- B. Effects of Forebav C0nfiguril|ion ~lndI type facilities at the head of Old River and in Old Barrier-Type Facilities
River near the DMC Intake are simultaneously
and continuously operated, improvements to av- 1) Water levels in the immediate vicinity of the pro-
erage water levels in Grant Line Canal are ne- posed intake gates may still be lowered about 0.2
gated and minimum water levels are lowered foot. It is expected that this impact will rapidly di-
about 0.1 to 0.2 foot with respect to the no-action minish with distance and will not be significant.

i alternative. Actually, the barrier-type facility at 2) Lowering of average and minimum water levels
the head of Old River would not be left open if immediately downstream of the barrier-type fa-
operation would adversely impact water levels in cilities on Middle River, Old River near the

i the south Delta.                                      DMC Intake and Grant Line Canal tend to be
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limited to about 0.2 foot. This decrease in water Specific trends of water quality impacts are discussed by 1)
level will rapidly diminish with distance and will location (the West Delta and Central Delta along Old and
not be significant. Middle rivers downstream of Woodward Canal, along Old

and Middle rivers from the proposed barrier-type facili-
Water Oualitv, ties to Woodward Canal, and along Old and Middle rivers

and Grant Line Canal upstream of the proposed barrier-
SDWMP impacts on Delta water quality, and hence, on type facilities) and by 2) whether the barrier-type facilities
Delta agricultural and instream use, are shown in Tablesare operating:
C-13 and C-19 and Figure C-18 in Appendix C, and in
Tables 5-11 and 5-12 of this section. Western and Central Delta (Including Old and Middle River

downstream of Woodward Canal)

Table C-13 shows the projected monthly average salinity1) Water quality at Decision 1485 agricultural stations
at the Decision 1485 locations for agricultural standards tends to improve during the irrigation season. These
for each of the representative year types. Table C-13 changes reflect changes in SWP diversions with re-
shows that Decision 1485 standards are met at each loca- spect to the no-action alternative. Monthly average
tion for each year. Table C-13 also shows that water qual- SWP diversions tend to increase in wet months and de-
ity at the Decision 1485 agriculture standards locations crease during the irrigation season (see Chapter 5,
tend to be improved over the no-action alternative during "Monthly Operational Changes").
the irrigationseason. 2) Salinity changes are not affected by a CVP tie-in to the

forebay or location of the forebay intake structure.
Table C-19 provides estimates of improvements in the3) The degree of improvement to salinity is highly vari-monthly average salinity at 16 south Delta locations, able from year toyear.
These improvements are based on comparisons to the es-
timated monthly average salinity for the no-action alter-4) Improvements to salinity in lower Old and Middle
native. Table C-19 shows salinity improvements in terms rivers are affected by operation of the barrier-
of both total dissolved solids and percentage of change of type facility at the head of Old River. This facility has
the total dissolved solids, the potential, if continuously operated, to reduce the

improvements to salinity in the west and interior

Figure C-18, for the preferred alternative, displays the       Delta, which might otherwise be caused by reduced
SWP diversions. Actually, the barrier-type facilityimprovements to salinity during the representative dry

year. The dryyear is presented as indicative of the magni- at the head of Old River would not be left open if op-
tude of the percentage of improvement in Delta water eration would adversely affect water quality in the
quality caused by the SDWMP alternatives. The ira- Delta. Operation of the barrier-type facility at the
provement to water quality in total dissolved solids during head of Old River to optimize water quality improve-
the dry year tends to be greater than the improvements ments will be part of the on-going testing and modfi-
during the wet year but less than the improvements during cation of barrier operation.
the above-normal year. However, the percent improve-Old and Middle River from the Proposed
merit in total dissolved solids tends to be similar from yearBarrier-l~pe Facilities to Woodward Canal
to year.

1) Without the CVP tie-in to the forebay option, the
The information in Tables C-13 and C-19, in Figure water quality is not significantly affected in these
C-18, and in Tables 5-11 and 5-12 in this section, shows reaches of Old and Middle rivers unless the barrier-

that in general, the SDWMP alternatives can significant- type facility at the head of Old River operates. When
ly improve water quality in South Delta channels up- the barrier-type facility at the head of Old River is
stream of the proposed barrier-type facilities. The alter- continuously operating in the summer, salinity in Old
native plans can have minimal impact on water quality in and Middle rivers between the forebay intake gates
the interior Delta in Old and Middle rivers downstream of and the barrier-type facilities can rise.
the barrier-type facilities, depending on forebay opera-2) With the CVP tie-in to the forebay option, salinity in
tion. Water quality tends to improve in the west Delta, these reaches of Old and Middle rivers may or may
depending on operation of the barrier-type facilities, not be adversely impacted, depending on location of

110

C--041 358
(3-041358



Table 5-11
Typical Improvements in Total Dissolved Solids in South Delta Channels

(values in parts per million)

Critical Dry          Below Normal Above Normal Wet
Year Year Year Year Year

withoutI with without I with withoutI with without with without with
Alternative barriers barriers barriers barriers barriers barriers barriers barriers barriers barriers

Old River at Tracy Road Bridge
1 * 186 * 322 16 274 12 365 2 82
2 * 258 * 345 15 292 11 374 2 47

4 265 347 16 294 11 375 2 42
5 * 103 * 211 12 164 7 246 -3 5
6 * 9 * 47 i 18 -2 75 -2 -12
7 * -43 * -43 -7 -39 -9 -26 -1 -19
8 * -7 * 30 -2 7 -4 46 -2 -15

Old River at Middle River
1 * -54 * 76 -1 8 0 117 0 -111
2 * 0 * 2 -2 1 -2 10 0

4 * 1 * 4 1 2 1 4 1 1
5 * -62 * 60 -5 -5 -2 94 -6 -115
6 * -1 * 8 -5 0 -2 17 -5 1
7 * -3 * -6 -4 -4 -2 -12 -3 1
8 * 2 * 8 -3 2 -1 12 -2

Middle River at Howard Road
1            * 169 * 238 10 201    -65 57 -8 94
2 * 212 * 269 15 233 -56 74 -3 121

: ..... ..........~: " 236-86 74 -20 117
~ * .213 270 18 234 -56 74 7 120

5 * 169 * 238 -12 201 -93 57 -28 93
6 * 212 * 270 -8 234 -84 75 -23 121
7 * -11 * -94 -104 -88 -186 -248 -77 4
8 * 210 * 268 -42 232 -120 72 -43 108

Grant Line Canal at Tracy Road
1 * 143 * 267 11 215         7 365 0 43
2 * 123 * 184 6 127 3 374 0 7

......... ~ 369 0 5
179 6 124 2 375 0 7

5 * 86 * 190 9 141 5 246 -2 -11
6 * 29 * 59 2 34 -1 75 0
7 * -21 * -31 -4 -24 -7 -26 1 -7
8 * 21 * 51 1 29 -2 46 0 -2

Note: An asterisk signifies that the change in total dissolved solids is not expected to be significant.
Note: "Without Barriers" is average of August and September values. "With Barriers" is average of May, June, and July values.
Alternatives:
1 Northern Intake withBarrierConfigurationA
2 Northern Intake with Barrier Co.nf_fiA~uration B

4 ~.nlargea rorebay:t~ighw~y-~tfilfike With Bai~er Configuration B
5 Northern Intake with CVP Tie-in and Barrier Configuration A
6 Northern Intake with CVP Tie-in and Barrier Configuration B
7 Enlarged Forebay with CVP Tie-in - North Victoria Intake with Barrier Configuration B
8 Enlarged Forebay with CVP Tie-in - Highway 4 Intake with Barrier Configuration B
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Table 5-12
"l~pical Improvements in Total Dissolved Solids in South Delta Channels ( values in Percent)

Old River at Old River at Middle River at Grant Line Canal
"~racy Road Bridge Middle River Howard Road at Tracy Road

without with without with
Alternative barrier barrier barrier barrier

near DMC near DMC near DMC near DMC without with without with
Intake Intake Intake Intake barrier barrier barrier barrier

1 2 52 0 -3 -8 42 1 41
2 2 55 0 1 -6 51 1 27

4 2 55 0 1 -5 51 0 26
5 1 30 -1 -6 -16 42 1 25
6 0 5 -1 1 -14 51 0 8
7 -1 -7 -1 -1 -44 -35 -1 -4
8 -1 2 -1 1 -24 50 0 7

’NOTE: "Without Barriers" is average of August and September values. "With Barriers" is average of May, June, and July values. Negative
sign indicates that salinity increased with respect to the no-action alternative.

Alternatives:
1 Northern Intake with Barrier Configuration A
2 Northern Intake with Barrier Configuration B

4 Enlarged Forebay - Highway 4 Intake with Barrier Configuration B
5 Northern Intake with CVP Tie-in and Barrier Configuration A
6 Northern Intake with CVP Tie-in and Barrier Configuration B
7 Enlarged Forebay with CVP Tie-in - North Victoria Intake with Barrier Configuration B
8 Enlarged Forebay with CVP Tie-in - Highway 4 Intake with Barrier Configuration B

the forebay intake gates with respect to the river forebay intake gates can potentially increase with re-
reach. Salinity at locations in Old and Middle rivers spect to the no-action alternative. In actuality, the ex-
downstream of the forebay intake gates is not signifi- isting SWP and CVP diversion facilities could be oper-
cantly affected by the alternatives. However, salinity ated, along with the new forebay intake gates, to pre-
at locations upstream of the proposed forebay intake vent increases in salinity in south Delta channels. Op-
gates and downstream of present CVP diversions, eration of SWP diversion facilities to help improve
tends to increase for each alternative with a CVP water quality will be part of the ongoing testing of di-
forebay fie-in, version facilities. "

In the no-action alternative, CVP and SWP diver- Grant Line Canal and Old and Middle Rivers Upstream of

sions draw good quality water down to the South Del- Barrier-7~pe Facilities

ta, improving the water quality in Old and Middle riv- A. Effects of Forebav Confieuration Aloneers and Victoria Canal. When the forebay gates are
moved farther north, and both SWP and CVP diver- 1) Without barrier-type facilities operating, little
sions come from the forebay, good quality water is no change in south Delta salinity occurs. The salini-
longer drawn to the present location of CVP diver- ty in the south Delta is partly determined by the
sions. Hence, the salinity in channels upstream of the salinity in the San Joaquin River and by the flow
new forebay intake and downstream of the CVP diver- patterns in Old and Middle rivers and in Grant
sion in the no-action alternative, is somewhat higher. Line Canal The salinity of the San Joaquin Riv-
Thus, for the alternatives with CVP forebay tie-in, sa- er at Vernalis is assumed to be the same for all
linity in Delta channels upstream of the proposed alternatives, and no significant changes in flow
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patterns occur in the south Delta without the op- 3) Operating the partial barrier-type facility in
eration of barrier-type facilities. Grant Line Canal simultaneously with the Old

2) The location of proposed forebay intake struc- River facility near the DMC Intake provides for

ture and whether or not there is CVP tie-in to little additional improved water quality in Grant

the forebay do not affect salinity in the south Line Canal over that observed when the barrier-

Delta when barrier-type facilities are not operat- type facility in Old River near the DMC Intake

ing. One exception to this trend is in Middle Riv- operates alone.

er upstream of Victoria Canal for the alternative, 4) Operating the barrier-type facility at the head of
"Enlarged Forebay - North Victoria Canal In- Old River tends to provide additional improved
take, Barrier Configuration B with CVP tie-in." water quality in Grant Line Canal. Engineering
As discussed before, for this alternative, the sa- studies indicate that this additional improvement
linity upstream of the forebay intake structure can reach approximately 100 ppmTDS during the
along Middle River (from Victoria Canal to irrigation season, when the concentration of TDS
Woodward Canal) can potentially worsen if no in the San Joaquin River is high.
diversions are made from existing SWP and CVP
facilities. Higher concentrations of TDS in 5) With a CVP tie-in to the forebay, improvements

Middle River could be propagated upstream to to water quality in Grant Line Canal are relative-
impact Middle River at Howard Road. Actually, ly small when barrier-type facilities operate, un-

existing SWP and CVP diversion facilities could less the facility at the head of Old River also op-

be operated to prevent increases in south Delta crates to keep San Joaquin River water out of the

salinity, south Delta. When the CVP tie-in to the forebay
option is assumed and all SWP and CVP is di-

Effects of Forebav Configuration and verted through the forebay intake gates, relative-
Barrier Type Facilities ly good quality water is no longer brought up Old

River past Victoria Canal to a point near the bar-
Grant Line Canal tier-type facilities in Old River near the DMC
1) Water quality in Grant Line Canal during the Intake and Grant Line Canal. Although operat-

irrigation season can be significantly improved by ing barrier-type facilities on Old River near the
DMC Intake and Grant Line Canal improves cir-operatingbarrier-typefacilities Old River

near the DMC Intake, Grant Line Canal, and at culation in the south Delta, there are probably
the head of Old River. only small improvement to water quality in the

2) Operating the barrier-type facility in Old River southDelta unlessgood--qualitywater isavail-
able at the downstream side of the facility on Oldnear the DMC Intake alone significantly ira-
River near the DMC Intake. Actually, the exist-proves water quality in Grant Line Canal when

there is no CVP tie-in to the forebay. The bar-
ing SWP andCVP diversionfacilitiescouldbe

rier-type facility on Old River near the DMC In-
operated, along with the new forebay intake
gates, to bring good-quality water to the vicinitytake improves south Delta flow patterns. Good-

quality water, brought to the vicinity of the bar- of the barrier-type facilities.

rier-type facility via CVP diversions, is moved up 6) Water quality in Grant Line Canal can be signifi-
Old Riverby thebarrier-type facility to thenflow cantly improved for the forebay option with a
down Grant Line Canal. This freshens the water CVP tie-in if the barrier-type facility at the head
in Grant Line Canal as compared to its quality of Old River is operated simultaneously with the
under the no-action alternative. Engineering Old River facility. The improvements to water
studies indicate that improvements to TDS in quality in Grant Line Canal are then approxi-
Grant Line Canal during the irrigation season mately equivalent to those when a barrier-type
can exceed 250 ppm when the barrier-type facil- facility operates in Old River near the DMC In-
ity on Old River near the DMC Intake operates take, and the CVP continues to divert directly
and CVP diverts at its present location, from Old River at its current location.
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7) Improvements to water quality in Grant Line to TDS during the irrigation season can exceed
Canal are relatively unaffected by the operation 100 ppm in this part of Old River when the bar-
of a barrier-type facility in Middle River. tier-type facility on Old River near the DMC In-

Old River From the Proposed Barrier-l~e Facility take operates alone.

near the DMC Intake to Tracy Road 2) Operating a barrier-type facility at the head of
Old River can substantially improve water quali-

1) Without the CVP forebay tie-in option, operat- ty in Old River near Paradise Cut. When the bar-
ing a barrier-type facility in Old River near the rier-type facility at the head of Old River is oper-DMC Intake substantially improves the water ated in conjunction with the barrier-type facility
quality in Old River from the facility to Tracy in Old River near the DMC Intake, improve-
Road. Engineering studies indicate that improve- ments to water quality in Old River can be ap-
ments in TDS during the irrigation season can ex- proximately twice those obtained by only operat-
ceed 300 ppm in this reach of Old River. ing the barrier-type facility on Old River near the

2) Without the CVP forebay tie-in option, the im- DMC Intake.
provements to water quality in Old River for this 3) Improved water quality in Old River near Para-
reach are relatively unaffected by operation of a dise Cut caused by operating the barrier-type fa-
barrier-type facility at the head of Old River. cility at the head of Old River and in Old River

3) With the CVP forebay tie-in option, improve- near the DMC Intake tend to be slightly reduced
ments to water quality in Old River for this reach when the CVP forebay tie-in option is used. An
become minor unless the barrier-type facility at exception to this trend is the preferred alterna-
the head of Old River is operated to keep San rive and CVP tie-in. Under this alternative, sa-
Joaquin River water out of the south Delta. Sa- linity in this reach of Old River can potentially
linity in this reach of Old River can potentially be higher than under the same alternative but
worsen, as shown for the preferred alternative, without the CVP forebay tie-in option. Actually,
and CVP tie-in. When the barrier-type facility the existing SWP and CVP diversion facilities
at the head of Old River is operated in conjunc- could be operated, along with the new forebay
tion with the barrier-type facility in Old River, intake gates, to bring good-quality water to the
water quality in Old River for the CVP forebay vicinity of the barrier-type facility on Old River,
tie-in option improves, but only to 25 to 50 per- and hence up Old River.
cent of the improvements to water quality pro- 4) The improvements to water quality in Old River
vided without the CVP forebay tie-in option. Ac- near Paradise Cut are relatively unaffected by
tually, the existing SWP and CVP diversion faci- the operation of a barrier-type facility in Middle
lities could be operated, along with the new River.

forebaYto the vicinityintake ofgates’the barrier-typet° bring good-facilityqualitYonWaterOld 5) The improvements to water quality in Old River

River, and hence up Old River. near Paradise Cut are relatively unaffected by
the operation of a partial barrier-type facility in

4) The improvements to water quality in Old River Grant Line Canal.
for this reach are relatively unaffected by the op-
eration of a partial barrier-type facility in Grant Old River from Middle River to the San Joaquin River
Line Canal. 1) Operating the barrier-type facility in Old River

5) The improvements to water quality in Old River near the DMC Intake produces no significant im-
for this reach are unaffected by the operation of provements to water quality in Old River up-
a barrier-type facility in Middle River. stream of Middle River.

Old River Near Paradise Cut 2) Water quality in Old River for this reach is unaf-
fected by the operation of the partialbarricr-type

1) Operating a barrier-type facility in Old River facility in Grant Line Canal.
near the DMC Intake can significantly improve 3) Water quality in Old River for this reach is unaf-
the water quality in Old River near Paradise Cut. fected by the operation of the barrier-type facil-
Engineering studies indicate that improvements ity in Middle River.
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4) Water quality in Old River for this reach is unaf- 3) Improvements in water quality in Middle River
fected by whether or not there is CVP tie-in or are relatively unaffected by the operation of the
by the location of the. intake structure, partial barrier-type facility in Grant Line Canal.

5) Operation of the barrier-type facility at the head 4) Improvements in water quality in Middle River
of Old River can moderately improve water are relatively unaffected by the operation of the

quality in this reach of Old River. Engineering barrier-type facility at the head of Old River.
studies indicate that if the San Joaquin River flow The salinity at the junction of Middle River and

is below about 1500 cfs, the concentration of TDS Old River may be affected by operation of the
in the San Joaquin River is high enough to impair barrier-type facility at the head of Old River (as

South Delta water quality. Water quality in this described above), but any changes in Middle Riv-

reach of Old River is improved if San Joaquin er quickly diminish downstream from this loca-
River water is kept’out of Old River. However, tion.
if the San Joaquin River flow is above 1,500 cfs, The exact operation of the barrier-type facilities will be
the TDS concentration in the San Joaquin Riverdetermined through negotiations. However, certain gen-
is low enough to freshen the water in Old River. eral trends associated with the operation of the barrier-
Blocking this flow into Old River by continuously type facilities can be listed:
operating the barrier-type facility can cause the
TDS concentrations in Old River to rise when ¯ Operation of Middle River Barrier-Type Facility:
compared to the effects of the no-action alterna- levels in Middle Riv-1)significantlyimproveswater
tive. er;

Middle River 2) can be operated independently of Old River and
Grant Line Canal facilities.

1) Operation of a barrier-type facility in Middle ¯ Operation of Barrier-Type Facility on
River can significantly improve water quality in Old River near the DMC Intake:
Middle River. Engineering studies indicate that 1) moderately improves water levels in Old River;
TDS can be reduced as much as 250 ppm during
May and June. 2) moderately improves water quality in Old River

near Paradise Cut;
2) Improvements in water quality in Middle River 3) does not significantly affect water levels or waterdue to the operation of a barrier-type facility in quality in Old River from Middle River to the SanMiddle River are usually independent of use of

Joaquin.a CVP forebay tie-in option. An exception to this
trend is the alternative, Enlarged Forebay -¯ Operation of Grant Line Canal

North Victoria Intake with Barrier Configuration Barrier-Type Facility:
A and CVP tie-in, which can potentially cause 1) significantly improves water levels in Old River;
salinity to increase over the no-action alterna- 2) significantly improves water levels in Grant Linetive, providing that SWP and CVP diversion faci- Canal;
lities are not operated to bring good-quality wa-
ter to the vicinity of the Middle River barrier- 3) does not alone significantly improve water quality in
type facility. Without a CVP tie-in to the Old River and Grant Line Canal.
forebay, relatively good-quality water is brought
to Middle River to a point near the barrier-type ¯ Operation of Old River at Head Barrier-’l~pe Facility:
facility in Middle River, and subsequently is 1) generally does not improve water levels in South
moved further upstream via the facility. When Delta;the CVP forebay tie-in option is used and the
forebay intake is downstream of the Middle Riv- 2) can improve water quality in the reach of Old Riv-

er barrier-type facility (that is, on Middle River er from the San Joaquin River to Middle River;

at Woodward Canal) the relatively good-quality 3) does not significantly improve water quality else-
water no longer is drawn to the barrier-type facil- where unless the CVP forebay tie-in option is con-
ity. sidered.
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No-Action Alternative. Under the no-action alternative, the greatest improvement to water quality in the west
current agricultural concerns would continue to be lowDelta of any of the alternatives considered.
water and salinity intrusion.. Decision-1485 agriculturalOther Alternatives. Under the other alternatives, substan-
standards would continue to be met, but the current prob-tial improvement to agricultural conditions in the south
lems for agriculture in the south Delta would remain.Delta is possible. Improvements to water levels and water
Agricultural concerns in the south Delta would continuequality in south Delta channels caused by operation of the
to be periodically impacted by low water levels and highbarrier-type facilities should be equal for all the alterna-
salinity concentrations, tives. The additional improvement to agricultural condi-

Preferred Alternative. Under the preferred alternative,
tions caused by forebay configuration will vary.

conditions for agriculture use in the south Delta will sub-As in the preferred alternative, the Enlarged Forebay -
stantially improve. The operation of barrier-type facilitiesHighway 4 Intake alternative would enable forebay intake
will prevent some poor-quality San Joaquin River wateroperations to further benefit water levels and water quali-
from entering the south Delta. Moving the SWP diver- ty by 1) allowing for increased flexibility in diversions and
sion to Middle River and Old River at Woodward Canal 2) enabling good-quality water to be released through the
would substantially improve south Delta water levels,existing intake structure into Old River. The overall per-
The barrier-type facilities in Old River near the DMC In- formance of this alternative should be approximately
take, in the west end of Grant Line Canal, in Middle Riverequal to that of the preferred alternative.
upstream of Victoria Canal, and at the head of Old River Both alternatives--Enlarged Forebay-Highway 4 Intake
can be operated to provide significant additional improve-with CVP tie-in, and Enlarged Forebay-North Victoria
ments to water levels and substantially improve southIntake with CVP tie-in--can be operated to provide addi-
Delta water quality during the irrigation season. Thesetional benefits to agriculture. These alternatives substan-
facilities will also generally improve the water circulation tially improve water levels but could also degrade water
in Middle River, Old River, and Grant Line Canal by quality in channels upstream of the intake structure. It is
bringing good-quality water to these channels. expected that either 1) periodic diversions of either CVP

water or SWP water from the present locations, or 2) re-
The enlarged forebay in the preferred alternative will al-leases of forebay water through the existing forehay in-
low for more flexible forebay intake structure operation to take structure could offset the impacts on water quality
improve water levels in the south Delta. caused by the CVP tie-in.

The preferred alternative’s enlarged forebay can also beIf the CVP tie-in option is to be used, the northern intake
operated to divert additional Delta water, to be subse-alternatives may not allow for increases in flexibility of
quently released through the existing forebay gates in Oldforebay operation. Further restricting the times of diver-
River at the south end of West Canal. It is expected thatsions into the forebay and possibly diverting water
this will provide additional improvement to water qualitythrough northern gates to then be released through the
in the south Delta. The preferred alternative, with intakeexisting forebay gates may not be possible without an en-
gates on Middle River and Old River, provides for the larged forebay.
greatest improvement to the water quality of SWP diver- All other alternatives should improve water quality in the
sions and hence should provide the best quality water forwest Delta and at Decision-1485 agricultural stations sim-
release in the south Delta. ilar to the preferred alternative. The alternative, North-

ern Intake - Barrier Configuration A, could improve wa-
Under the preferred alternative, Delta agricultural use ter quality in the west Delta to a level comparable with
downstream of the proposed barrier-type facilities andthe other alternatives ff its barrier operation is modified.
near the forebay intake structures will not be significantlyNone of the other alternatives will significantly impact
impacted, water levels near the forebay intake structures or immedi-

ately downstream of the barrier-type facilities.
Under the preferred alternative, conditions for agricul-
tural use in the west Delta will improve because of im- Impacts on Channel Velocities, Scour,

proved water quality. The improved water quality is dueand Siltation
primarily to reduced SWP diversions during spring andSome scouring and siltation has been occurring in the
summer. The preferred alternative generally providessouth Delta channels and may be caused in part by current

116

C--041 364
(3-041364



export facilities. The main causes of scouring and siltationperhaps, a CVP tie-in to the forebay. There is further
are flow velocities and sediment size, shape, and density,concern that decreased velocities may cause siltation in
Since the construction of upstream storage facilities onthe south Delta channels upstream of the proposed bar-
the major tributaries feeding the Delta, sediment andrier-type facilities.
channel bed material have grown significantly finer. This
change has allowed channel velocities to play a more ira-The alternatives with CVP tie-in to the forebay will likely
portant role in determining scouring and siltation, produce higher velocities near the intake gates to Clifton

Court Forebay. With the CVP tie-in pumping to the
Delta field observations have shown that flow velocities forebay, a higher volume of water will be required to fill

per the forebay when the intake gates are open. The higherbelow3 feet second (fps) will probablynot cause
scouring. The only known location in the south Deltavolume through a fixed intake gate size will create higher
where scouring is definitely,occurring is at the intake gatesinstantaneous velocities at the intake and also higher ve-
to Clifton Court Forebay. locities in the adjacent channels leading to the intake

gates.
Currently 3 to 5 million tons of sediment enter the Delta
annually, about 80 percent of which is transported in theSiltation occurs when channel velocities decrease, causing
winter during high flows. Between 10 percent and 30 per- the suspended sediment to be deposited on the channel
cent of the 3 to 5 million tons of sediment is deposited inbed. The alternatives considered include barrier-type la-
the Delta channels, with about 5 percent entering Cliftoncilities in the south Delta to raise water surface elevations
Court Forebay and the aqueduct, the rest being trans-upstream, thus increasing water storage in the channels.
ported to San Francisco Bay. The 5 percent deposition oc-The barriers may reduce the upstream channel velocities,
curring in the Forebay and aqueduct accounts for the 97thus increasing the potential for deposition.
acre-feet (AF) of the storage lost annually in the
Forebay. There are no major channels in the south Delta

Table 5-13 summarizes Table C-20 in Appendix C, whichwhere siltation is significant. Delta landowners have indi-
cated that siltation has been occurring in some of the mi-shows monthly maximum upstream and downstream

nor channels but the cause is unknown, channel velocities where scour or siltation could be of
concern for various alternatives. These tables were

The South Delta Scouring Monitoring Program was initi- derived from hydrodynamic modeling using assumptions

ated in 1969 to determine whether SWP operations arepresented under "Impacts on Delta Agricultural Uses and
Water Levels" and in Appendix C. Flow direction can besignificantly altering channel geometries in the south
both upstream and downstream, depending on tidal cycleDelta. Over 35 channel cross sections are currently being

monitored semi-annually to record scouring and deposi-and export pumping schedule

tion action (Figure 5-9). An annual report is published
documenting these results (see Southern Delta Scour Mon- High velocities in Delta channels can occur due to either

high inflows from large storms or high export rates in theitoring--1988 Update, DWR, September1988.)
south Delta. High velocities caused by high export rates

Since 1969, there appear to be no dramatic changes totend to be localized in the immediate vicinity of the intake
channel geometries in the south Delta other than channelgates. Table 5-13 shows the range of increases in maxi.
dredging. Seasonal scouring and deposition occur in themum velocity in channels adjacent to proposed intake
south Delta but changes in cumulative channel geometrygate locations. Channel sections where maximum veloci-
are negligible, ties increase to over 3 fps or decrease to under 3 fps are

highlighted in the table.
There is concern that the proposed improvements in the
SDWMP may increase scour and siltation due to opera-Table 5-14 shows the upstream and downstream velocity
tion of the barrier-type facilities and forebay improve- ranges for all of the alternatives for the channels up-
merits. Operation of the south Delta facilities will change stream of the proposed barriers. This table was derived
flow patterns in the central and south Delta. There is alsofrom Table C-20. Table 5-14 was constructed to display
concern that scour will increase at the proposed intakevelocity changes due to the barriers. It shows the changes
gates to the forebay, especially considering increases inin flow velocity and in upstream and downstream velocity
SWP export capacity to 10,300 cfs daily average flow and, ranges with reference to zero fps.
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Table 5-13
Typical Range of Increase in Maximum Velocity Near Proposed Forebay Intake Structures

(values in feet per second)

Alternatives [1 [ 2 [5 [6 17 18

Vicinity of Northern Intake Gate

Old River just
upstream of intake 1.2-1.4 L2-1.4 1.0-1.8 2.1-2.3 2.1-2.3 1.4-1.7 1.6-2.1

Old River just
downstream of intake0.6-1.0 0.6-0.9 0.0-0.6 1..1-1.41 1.0-1.4t 0.1-0.5 0.8-1.4

West Canal just
upstream of intake 0.1-0.72 0.0-0.7~ 0.0-0.2a 0.9-1.52 1.2-1.52 0.4-0.82 0.4-0.82

Vicinity of Highway 4 Intake

Old River just up-
stream of intake
at Highway 4 0.2-0.5 0.2-0.5                  0.0-0.7      0.6-0.7 .0.5-0.8 0.2-0.5 1.0-1.5

Old River just down-
stream of intake at
Highway 4 0.2-0.4 0.2-0.3 1.3-1.81 0.5-0.7 0.5-0.7 0.2-0.6 1.8-2.11

Vicinity of North Victoria Intake

stream of intake at
Woodward Canal 0.3-0.6 0.2-0.6 0.0-0.2 0.4-0.7 0.4-0.7 0.5-1.2 0.0-0.2
Middle River just
downstream of intake
at Woodward Canal 0.2-0.5 0.1-0.5 0.2-0.4 0.2-0.6 0.3-0.6 2.1-2.5t 0.2-0.4

Middle River just up-
stream of Santa Fe
Railroad 0.2-0.5 0.2-0.5 0.1-1.4 0.3-0.6 0.3-0.6 1.8-2.11 0.2-0.4

Middle River just
downstream of
Santa Fe Railroad 0.2-0.7 0.3-0.7 0.2-0.6 0.4-0.7 0.4--0.7 1.1-1.41 0.2-0.6

Woodward Canal just
west of intake 0.1-0.1 0.1-0.1 0.8-1.0 0.1-0.1 0.1-0.1 2.2-2.6 1.1-1.3

1Denotes increase in maximum velocity to over 3 fps.
velocity 3 fps to below 3 fps.2Denotesdecreasesinmaximum fromabove

Alternatives:
1 Northern Intake with Barrier Configuration A
2 Northern Intake with Barrier Configuration B

4 Enlarged Forebay - Highway 4 Intake wflh Barrier Configuration B
5 Northern Intake with CVP Tie-in and Barrier Configuration A
6 Northern Intake with CVP Tie-in and Barrier Configuration B
7 Enlarged Forebay with CVP Tie-in - North Victoria Intake with Barrier Configuration B
8 Enlarged Forebay with CVP Tie-in - Highway 4 Intake with Barrier Configuration B
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I
Velocity increases near and at the intake gates will in-the intake gates, there appear to be minimal changes to
crease the potential for scouring. These velocities will bedownstream velocities. Although water circulation pat-
higherwith a CVP tie-in to the forebay, terns in the south Delta will be altered by the barriers, I

most channel velocities should not change drastically.
No-Action Alternative. Under the no-action alternative, Table 5-14 shows that the range in monthly upstream and
Delta flows and velocities would be similar to those which downstream velocities for channels upstream of the pro- I
occur today. Channel velocities in the south Delta tend toposed barriers do not significantly decrease from the no-
be under 3 fps except in the West Canal at the intake gatesaction alternative. When the gates are closed, water up-
for Clifton Court Forebay. Maximum velocities in the streamofthebarrierstendstomoveupstreaminbothOld []
Delta typically occur during above-normal or wet years, and Middle rivers and then flow downstream in Grant
when inflows are high and the export pumping rate is alsoLine Canal with the ebb tide.
high. Operation of the SWP is most likely causing the I
higher velocities near the forebay intake gates. These ve-There will be constant water movement in the channels,
locities contribute to minor scouring identified throughwhich will help eliminate additional siltation. Operation
the Scouring Monitoring Program in this channel and inof the barriers could include periodic opening of the gates

Canal. These characteristics will to flush the south Delta channels, thus helping improve []Old RiverandVictoria
probably persist for the no-action alternative, local water quality. This flushing action would also help

reduce siltation. If siltation does become a problem and
Preferred Alternative. Under the preferred alternative, barrier operation cannot alleviate it, dredging may also be
maximum channel velocities near the forebay intake gatesused as a mitigation measure.
will tend to be slightly higher, possibly causing localized
scouring. Velocities will be reduced for the channels justOther Alternatives. For other alternatives, concern has []

upstream of the tide barriers, increasing the potential forbeen shown over the potential for scouring in the chan- |nels near the intake gates and siltation upstream of thelocalized deposition,
barriers.

The maximum and minimum flow velocities in the chan-Table 5-13 shows that the impacts on velocity caused by I
nels north of Victoria Island are influenced by the forebayboth the Northern Intake with Barrier Configuration A
configuration. The two separate gate locations on Victo- and the preferred alternative are similar. There is also ¯
ria Island, one at Old River and one at Middle River,little difference in changes to the velocities between these |cause the effects of increased diversions into the forebaytwo alternatives when the CVP tie-in is considered. The
to be shared by Old and Middle rivers. A single gate lo-Northern Intake with Barrier Configuration A.and Con-
caredatMiddle River and WoodwardCanalwould in- figuration B alternatives will cause minor increase in the Icrease flow velocities in Middle River downstream of the potential for scouring in both North Canal and Old River
gate by over 100 percent, possibly inducing localized chan-just downstream "of the intake gate, compared to the no-
nel scouring. (Table 5-13 shows a 1.5 to 1.9 fps increase I
over the no-action alternative.)

action alternative. It is expected that velocities in West
Canal will decrease below 3 fps.

With a second intake gate located on Old River andBoth the Northern Intake with Configuration A and Con-
Woodward Canal confluence, velocities in Middle Riverfiguration B alternatives will produce greater scouring po-
will drop below 3 fps, whereas velocities in Old River will tential in North Canal and Old River with a CVP tie-in
increase to over 3 fps about 15 percent of the time. Vel- than without it. Table 5-13 shows that in Old River imme- ¯
ocities in the West Canal will drop significantly (by over 33diately downstream of the intake gate, monthly maximum
percent compared to the no-action alternative), reducingvelocities will significantly increase (1.1 to 1.4 fps) to more
the potential for scouring. The localized increase in Oldthan 3 fps when the intake gates are open. In Old River []
River velocities can be mitigated by channel improve-immediately upstream of the intake gate, it is expected
ments, that maximum velocities will increase over 2 fps but will

not exceed 3 fps.
Under the preferred alternative, siltation is not expected []
to be a significant problem. Downstream of the barriers,The Enlarged Forebay, North Victoria Intake with Barri-
flow patterns may change, but siltation does not appear toer Configuration B with CVP tie-in alternative will ira-
be a problem. In the channels immediately upstream ofpact channel velocities to a greater extent than will the
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Table 5-14
Range of Upstream and Downstream Velocities in the South Delta Channels

for Representative Below-Normal Water Year
(values in feet per second)

Alternatives

Action 1 2:3 4 5 6 7 8
up]Dowr Up/Down Up/Down Up/Down Up/DownChannel Up/Down~ Up/Dowt Up/Down Up/Down

Old River immediately
upstream of DMC intake 1.0/0.9 1.0/1.0 1.0/0.9 0.9/0.9 1.4/1.0 1.4/1.0 .0.8/0~9 1.0/1.0

Range 1.9 2.0 1.9 1.8 2.4 2.4 1.7 2.0

Old River downstream of
Tom Paine Slough          0.4/0.10.4/0.8 0.4/0.5 0.4/0.5 0.4/0.8 0.4/0.6 0.4/0.4 0.4/0.4

Range 0.5 1.2 0.9 0.9 1.2 1.0 0.8 0.8

Grant Line Canal just
upstream of Clifton Court
Forebay                  i.511.i1.311.2 1.311.i 1.3/i.0 1.4/1.3 1.411.2 1.2/1.2 1.2/1.2
Range 2.6 2.5 2.4 2.3 2.7 2.6 2.4 2.4

Grant Line Canal          1.3/1.01.2/1.1 1.2/0.9 1.2/0.8 1.5/1.2 1.5/1.0 1.1/1.0 1.l/L0
Range 2.3 2.3 2.1 2.0 2.7 2.5 2.1 2.1

Old River upstream
of Paradise Cut            1.7/0.71.7/1.0 1.7/0.7 1.7/0.6 1.7/1.1 1.7/1.1 1.6/1.0 1.6/0.9
Range 2.4 2.7 2.4 2.3 2.8 2.8 2.6 2.5

Middle River just
upstream of Highway 4 0.6/0.7 0.6/0.7 0.6/0.7 0.6/0.7 0.9/0.7 0.9/0.7 1.1/0.7 0.7/0.7
Range 1.3 1.3 1.3 1.3 1.6 1.6 1.8 1.4

Middle River just
downstream of Old River 0.4/0.5 0.4/0.7 0.6/0.6 0.4/0.7 0.4/0.7 0.6/0.6 0.4/0.6
Range 0.9 1.1 1.2 1.0 1.1 1.1 1.2 1.0

Old River just upstream
of Middle River           1.8/0.41.7/0.6 1.7/0.4 1.7/0.4 1.6/0.7 1.6/0.7 1.6/0.6 1.6/0.6
Range 2.2 2.3 2.1 2.1 2.3 2.3 2.2 2.2

Old River just downstream
of San Joaquin River       2.3/0.32.0/0.2 2.1/0.5 ...... ~ 2.0/0.6 2.1/0.7 2.1/0.7 2.0/0.6 2.0/0.6
Range 2.6 2.2 2.6 2.6 2.8 2.8 2.6 2.6

*Up refers to upstream flow
Down refers to downstream flow.
Alternatives:
1 Northern Intake with BatTier Configuration A
2 Northern Intake with B~uration B

~~d~Al~ernat~       "
4 Enlarged Forebay - Highway 4 Intake with Barrier Configuration B
5 Northern Intake with CVP Tie-in and, Barrier Configuration A
6 Northern Intake with CVP Tie-in and Barrier Configuration B
7 Enlarged Forebay with CVP Tie-in - North Victoria Intake with Barrier Configuration B
8 Enlarged Forebay with CVP Tie-in - Highway 4 Intake with Barrier Configuration B
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preferred alternative. Channel velocities in Old andcross-Delta flow is reduced to only the Georgiana Slough
Middle rivers will incrementally increase, flow, which significantly reduces the transfer coefficient.

The Enlarged Forebay, Highway 4 Intake with Barrier Table 5-15 shows the ratio of cross-Delta flows to Sacra-

Configuration B with and without a CVP tie-in alterna- mento River flows for five representative water years.

tives show increased channel velocities in Old River com-Each water year in Table 5-15 represents an actual water

pared to the no-action alternative. Maximum velocitiesyear that most closely resembles one of the five main wa-

for the Highway 4 Intake alternative without a CVP tie-in ter year types.

are significantly lower than the alternative with a CVP Table C-21 (in Appendix C) shows the monthly maximum
tie-in (about 20 percent) but both exceed 3 fps in Old Riv- upstream and downstream channel velocities for
er downstream of the intake gates. Snodgrass Slough, Dead Horse Cut, and North and South

Fork Mokelumne Rivers. These velocity values are cate-
The siltation potential for all the alternatives will be simi-gorized into the no-action and the eight SDWMP alterna-
lar to that under the preferred alternative and will use thetives for the five main water year types.
same mitigation techniques as the preferred alternative.

Flows in the north Delta are not high enough to signifi-
Impacts on Cross-Delta Flows and on Levees cantly harm levees. Field tests indicate that channel ero-

sion will likely occur in the Delta when the flow is greater
Changes in cross-Delta flows for the alternative opera- than 3 fps. Table C-21 shows that the maximum upstream
tional plans have been evaluated. Increased flows in theand downstream channel velocities downstream of the
Delta Cross Channel (Reclamation facility) and in Geor- Delta Cross Channel do not exceed 3 fps. This is because
giana Slough are related primarily to Sacramento Riverduring high flows, when Sacramento River flow is greater
inflows and are therefore affected by upstream releasesthan 30,000 cfs, the Cross Channel gates are closed, re-
and natural flow conditions, ducing the flow entering the north Delta channels. This is

evident in Table C-21, which shows that velocities are sig-
The operation of the Delta Cross Channel gates is dic-nificantly reduced during the high-flowperiod of January
tared by Decision-1485 restrictions to protect salmon andthrough May, when the gates are normally closed.
striped bass. For all the alternatives, gate operations re-
main the same. From January 1 to April 15, the DeltaLevee erosion due to right angle flows has been identified
Cross Channel gates are closed whenever the daily Deltaat two locations. On Staten Island, the levee at the south
outflow exceeds 12,000 cfs. From April 16 to May 31, theend of Dead Horse Cut receives perpendicular flow from
Delta Cross Channel gates are closed for no more thanDead Horse Cut and has required extensive rock protec-
two of four consecutive days for up to 20 total days, basedtion.
on input from DFG. The gates also are closed when Sac-
ramento River flowat the I Street Bridgein Sacramento isOn McCormack-Williamson Tract, the levee at the con-

greater than 30,000 cfs. Otherwise, the gates remain openfluence of the Delta Cross Channel and Snodgrass Slough

except for testing, has recently been stripped of vegetation and rock protec-
tion emplaced due to erosion possibly caused by incoming

The efficiency of the Delta Cross Channel in diverting flows and wave action from the Delta Cross Channel.

Sacramento River flow to the central Delta is expressedNo-Action Alternative. For the representative wet year,
by a value called the "transfer coefficient" (in Table 5-15,the combined Delta Cross Channel and Georgiana
rows labeled "Ratio"). The transfer coefficient is the Slough flow transfer coefficient ranges from 0.16 to 0.584,
cross-Delta flow (Cross Channel flow plus the Georgianawith a maximum channel velocity ranging from -1.4 to
Slough flow) divided by the SacramentoRiverflowat theI 1.97 fps. For the representative below-normal year, the
Street bridge. The higher the value, the more efficientlytransfer coefficient ranges from 0.178 to 0.517; and for the
the Delta Cross Channel can divert Sacramento Riverrepresentative criticalyear from 0.394 to 0.524, with chan-
flow. Table 5-15 shows that during January through May nel velocities ranging from -1.24 to 1.95 and -1.25 to 2,0,
for below- normal, above-normal, and wet years, therespectively.
transfer coefficient is much lower than during other
months. During these months, the Delta Cross ChannelThe transfer coefficient for the critical year is not aslowas
gates are closed in accordance with Decision 1485, and thein the other water year types because the Delta Cross
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Table 5-15
Ratio of Cross-Delta Flows to Sacramento River Flows

(Monthly average flows in cubic feet per second)

Representative Critical Year

Alternative’ Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

No-Action Sacramento R. 20,30918,054 16,585 12,325 13,644 11,772 14,305 11,56112,120 13,837 11,805 10,792
No, Action Cross-Delta    7,969 7,873 7,379 6,181 6,639 5,997 6,7835,807 6,064 6,656 5,983 5,615
No-Action Ratio 0.394 0.438 0.448 0.504 0.491 0.517 0.4770.516 0.517 0.492 0.512 0.524

1 Sacramento R. 23,57719,382 16,569 12,325 13,644 11,772 12,99411,561 11,767 12,325 11,805 10,792
1 Cross-Delta    8,931 8,330 7,384 6,192 6,665 6,000 6,3345,812 5,937 6,134 5,987 5,620
1 Ratio 0.380 0.432 0.448 0.505 0.493 0.517 0.4910.516 0.522 0.511 0.512 0.524

2 Sacramento R. 23,57719,382 16,569 12,325 13,644 11,772 12,99411,561 11,767 12,325 11,805 10,792
2 Cross-Delta    8~930 8,330 7,384 6,192 6,661 5,991 6,3315,808 5,930 6,124 5,974 5,605
2 Ratio 0.380 0.432 0.448 0.505 0.493 0.516 0.4900.516 0.521 0.511 0.511 0.523

¯
11;772 12,994il;56i: 111767:12,32511’805110,792:~
:?.!~=~9~ °~i~)33g: ~;~fS- ~ i: 5,~37: : 6,i3~ :: :: :5,985 ’ ::: 5~6i2

4 Sacramento R. 23,57719,382 16,569 12,325 13,644 11,772 12,99411,561 11,767 12,325 11,805 10,792
4 Cross-Delta 8,935 8,335 7,385 6,193 6,660 5,9906,333 5,808 5,932 6,138 5,980 5,607
4 Ratio 0.380 0.432 0.448 0.505 0.493 0.5160.491 0.516 0.522 0.511 0.511 0.523

Representative Dry Year

Alternative~ Oct Nov Dec Jan Feb Mar AprMay Jun Jul Aug Sep

No-Action Sacramento R. 13,30123,601 13,252 21,268 15,876 16,179 15,85213,626 13,734 13,447 10,488 10,456
No-Action Cross-Delta    6,463 9,155 6,454 4,134 7,327 7,439 7,2046,405 6,519 6,523 5,472 5,473
No-Action Ratio 0.488 0.388 0.489 0.193 0.462 0.462 0.4580.477 0.480 0.493 0.528 0.528

1 Sacramento R. 13,30123,601 13,252 22,439 14,256 19,967 18,12114,211 14,423 13,821 11,691 10,439
1 Cross-Delta    6,485 9,279 6,485 4,321 6,844 8,555 7,8916,616 6,767 6,656 5,924 5,469
1 Ratio 0.490 0.393 0.492 0.192 0.481 0.430 0.4390.472 0.474 0.49 0.513 0.529

2 Sacramento R. 13,30123,601 13,252 22,439 14,256 19,967 18,12114,211 14,423 13,821 11,691 10,439
2 Cross-Delta    6,478 9,279 6,485 4,321 6,8418,555 7,9016,611 6,761 6,648 5,912 5,454
2 Ratio 0.490 0.393 0.492 0.192 0.4810.430 0.4390.472 0.474 0.489 0.512 0.527

6,769:~i65~2

4 Sacramento R. 13,30123,601 13,252 22,439 14,25619,967 18,121 14,21114,423 13,821 11,691 10,439
4 Cross-Delta    6,477 9,285 6,485 4,323 6,8398,558 7,898 6,6116,762 6,654 5,920 5,460
4 Ratio 0.490 0.394 0.492 0.192 0.4810.431 0.439 0.4720.474 0.489 0.513 0.513

~See footnotes on page 125.

123

C--041 371
C-041371



Table 5-15 (continued)
Ratio of Cross-Delta Flows to Sacramento River Flows

(Monthly average flows in cubic feet per second)

Representative Below-Normal Year

Alternative~ Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept

No-Action Sacramento R. 16,92716,070 20,553 18,975 21,474 27,691 15,179 14,04915,616 17,805 12,179 11,195
No-Action Cross-Delta    7,2417,324 8,309 3,848 4,136 4,914 6,895 6,5867,164 7,877 6,106 5,750
No-Action Ratio 0.430 0.458 0.405 0.203 0.193 0.178 0.457 0.4740.464 0.448 0.508 0.517

1 Sacramento R. 17,95117,365 21,886 18,975 21,474 27,691 16,289 13,65~815,263 16,667 12,406 11,195
1 Cross-Delta    7,606 7,744 8,739 3,849 4,118 4,947 7,260 6,4567,058 7,556 6,203 5,772
1 Ratio 0.426 0.448 0.400 0.203 0.192 0.179 0.448 0.4790.468 0.46 0.506 0.519

2 Sacramento R. 17,95117,365 21,886 18,975 21,474 27,691 16,289 13,65815,263 16,667 12,406 11,195
2 Cross-Delta    7,606 7,744 8,739 3,849 4,118 4,947 7,270 6,4537,054 7,554 6,203 .5,772
2 Ratio 0.426 0.448 0.400 0.203 0.192 0.179 0.449 0.4780.468 0.46 0.507 0.519

21,474 27,691 16,28913,658 15,263 16,667 12,406 11;195
6,460 7,061 7,561 6,210.5;78i

" 0?i80--0.449 0.4790.468 0.46 0~507 0.52

4 Sacramento R. 17,95117,365 21,886 18,975 21,474 27,691 16,289 13,65815,263 16,667 12,406 11,195
4 Cross-Delta 7,610 7,746 8,743 3,850 4,119 4,947 7,2686,454 7,055 7,554 6,205 5,771
4 Ratio 0.426 0.448 0.400 0.203 0.192 0.179 0.4480.478 0.468 0.46 0.506 0.519

Representative Above-Normal Year

Alternative~ Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep

No-Action Sacramento R. 16,30917,348 18,520 18,211 55,818 70,959 22,290 31,70722,677 20,390 16,000 15,095
No-Action Cross-Delta    6,991 7,605 7,876 7,823 8,820 10,905 4,189 5,4208,635 8,512 %342 6,842
No-Action Ratio 0.431 0.440 0.427 0.430 0.158 0.154 0.188 0.1720.384 0.422 0.463 0.456

1 Sacramento R. 18,95918,928 18,601 18,211 55,818 70,959 22,290 31,70722,677 17,496 13,512 15,936
1 Cross-Delta    7,839 8,146 7,907 7,849 8,817 10,910 4,202 5,4248,650 7,689 6,566 7,123
:1 Ratio 0.415 0.432 0.426 0.431 0.158 0.154 0.189 0.1720.385 0.445 0.491 0.449

2 Sacramento R. 18,95918,928 18,601 18,211 55,818 70,959 22,290 31,70722,677 17,496 13,512 15,936
2 Cross-Delta    7,839 8,146 7,907 7,849 8,817 10,910 4,202 5,4238,647 7,686 6,566 7,123
2 Ratio 0.415 0.432 0.426 0.431 0.158 0.154 0.189 0.1720.385 0.444 0.491 0.449

31,707 17,496 13,51215;936
5,425 8,654 7,692.. 6;572 7;142

4 Sacramento R. 18,95918,928 18,601 18,211 55,818 70,959 22,290 31,70722,677 17,49613,512 15,936
4 Cross-Delta    7,847 8,151 7,908 7,849 8,817 10,910 4,203 5,4238,648 7,688 6,567 7,124
4 Ratio 0.416 0.432 0.426 0.431 0.158 0.154 0.189 0.1720.385 0.444 0.491 0.449

~See footnotes on page 125.
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Table 5-15 (continued)
Ratio of Cross-Delta Flows to Sacramento River Flows

(Monthly average flows in cubic feet per second)

Representative Wet Year

AlternativeI Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept

No-Action Sacramento R.5,301 8,060 13,870 32,894 40,284 48,374 38,996 18,76418,441 16,862 14,195 12,759
No-Action Cross-Delta 3,044 4,515 6,704 5,711 6,682 7,779 6,394 3,7417,727 7,433 6,775 6,314
No-Action Ratio 0.584 0.564 0.484 0.172 0.165 0.160 0.164 0.2010.423 0.447 0.483 0.499

1 Sacramento R. 5,967 13,515 13,886 32,894 40,284 42,813 35,402 18,76416,491 15,106 13,284 12,759
1 Cross-Delta 3,428 6,603 6,744 5,746 6,7t2 %032 5,917 3,7427,107 6,857 6,487 6,340
1 Ratio 0.583 0.491 0.486 0.173 0.166 0.164 0~167 0.2010.436 0.461 0.494 0.501

2 Sacramento R. 5,967 13,515 13,886 32,894 40,284 42,813 35,402 18,76416,491 15,106 13,284 12,759
2 Cross-Delta 3,428 6,603 6,744 5,746 6,712 %032 5,9173,740 %096 6,850 6,487 6,340
2 Ratio 0.583 0.491 0.486 0.173 0.166 0.164 0.1670.200 0.435 0.46 0.494" 0.501

, R. :.. 5;967: :.13;-515 i13:,886.32,894 40,284 42,813 35,4028,761 6,491 i5,106 13,284 12,759
¯ ; :"31432! ~ 6i~ff’I !6;761. 5,754 6,719 7,038 5,9213,744 7,109 6,858 6,494 6,352
..... ¯ : .. .0;583. ~.

4 Sacramento R. 5,967 13,515 13,886 32,894 35,402 18,76416,491 15,106 13,284 12,75940,28442,813
4 Cross-Delta 3,425 6,603 6,744 5,748 6,714 7,033 5,917 3,7407,110 6,854 6,488 6,340
4 Ratio 0.582 0.491 0.486 0.173 0.166 0.164 0.167 0.2000.436 0.461 0.494 0.501

~Cross-Delta flows are the sum of flows in Delta Cross Channel and Georgiana Slough. Flows in the Cross Channel reflect flow
control operations and Decision 1485 constraints from January i to May 3t to minimize cross-Delta movement of salmon and
diversion of young striped bass into central Delta.

Altematives:
1 Northern Intake with Barrier Configuration A
2 Northern Intake with Barrier Co~figuration B

4 Enlarged Forebay - Highway 4 Intake with Barrier Configuration B

Channel gates remain open throughout nearly the entireover the no-action alternative. Breaking down the flows
year, thus maintaining flow in the Delta Cross Channel.into periods when gates are open and dosed produces a
This produces a more consistent channel velocity in the1.8 percent flow increase when the gates are open, and a
north Delta for the entire year. 0.3 percent flow increase when the gates are closed, com-

pared to the no-action alternative. These minimal effects
PreferredAlternative. This alternative will have little if any are consistent with the slight differences in channel velo-
effect on the cross-Delta flow compared to the no-actioncities between the two alternatives shown in Table C-21.
alternative. Table 5-15 shows that the differences inThese minor variations show that the south Delta alter-
transfer coefficient between the preferred and no-actionnatives will have a minimal impact on cross-Delta flow.
alternatives range from 0 to .06, with most of the differ-
ences (over 80 percent) less than .01. The yearly average
flows for all water year types increases an average of 1.4Other Alternatives. The different alternatives have mini-
percent over the no-action alternative. The maximumreal or no effect on flow rates, splits, and velocities in the
and minimum flows will increase an average of 2.9 percentnorth Delta~ based on analyses of the flow rates, transfer
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~" coefficients, and channel velocities shown in Table 5-15
SALMON and Table C-21.

] FALL RUN (Sacramento River 150,000 - 300,000 fish

Chinook salmon and steelhead trout are the principal sal-

,
JAN F’~I~ MAN APR MAY Jt~ JUL AUG SEP OCT NOV DEC quin estuary to and from upstream spawning grounds.

Over 80 percent of the Central Valley salmon and virtual-
ly all its steelhead are produced in the Sacramento River

WINTER RUN (S~cramento River500-120,000fish) ~stem.

~~ ~.~~~’,       .~,

The biology, life history, and environmental requirements
for steelhead are similar to those of salmon, except that

’ ’ ’ many adult steelhead return to the ocean after spawning.jAN FEB M.~I APR MAY JUN JUL AUG SEP ~ NOV DEC
Figure 5-10 shows the general migration patterns of the
various salmon and steelhead runs using the estuary and

SPRING RUN (Sacramento River 500- 30,000 fish) the range in the number of fish in the salmon runs. The
salmon runs are for upstream migration of mature adults
anddownstreammigration of juveniles. Although most
downstream migration occurs in the spring, out-migrants
can be found in the Delta during most of the year.

JAN FEB MAN APR MAY dUN JUL AUG SEP OCTNOV DEC

~ DOWNSTREAM MIGRATION Numerous facilities have been developed in the Sacra-
~ UPSTREAM MIGRATION mento-San Joaquin river system to maintain anadromous

~ .................................. ~ fishery resources. These include hatcheries, spawning
", channels, fish screens, and fish ladders. Salmon and steel-

STEELHEAD RAINBOW TROUT head hatcheries constructed to mitigate the loss of spawn-
ing area include Coleman, Nimbus, and Feather River
hatcheries; the Merced River Fish Facility; and the

~ ~ ’~’’ gation       Mokelumne River Fish Installation (consisting of salmon measuresspawning channels and a steelhead hatchery). Such miti-
have had variable results. The combina-

J,n ~ MAN ~ M^v J~ ~ut Aua s~o~ NOv ~ tion of hatcheries and trucking production around the
=~= ADULT DOWNSTREAM MIGRATION
- =.= =SMOLT DOWNSTREAM MIGRATION Delta has successfully mitigated fall-run salmon overall.
~ UPSTREAM MIGRATION However, numbers of spring, late fall, winter, and upper

Sacramento River fall-run salmon have been reduced sig-
nificantly during the last 20 to 30 years

AMERICAN SHAD
Since the early 1970s, juvenile Chinook salmon produced
at the Feather River, Nimbus, and Mokelumne River
hatcheries have been trucked downstream and released in

~
the Sacramento River at Rio Vista or adjacent to Carqui-
nez Strait. Since these fish are not exposed to in-river and,oev NOv o~c             Delta hazards, their contribution to the ocean fishery and

~ DOWNSTREAM MIGRATION to subsequent spawning runs is often high. Chinook salm-
---- U~SrREAM M~Ar~ON on from Coleman and Merced River hatcheries are re-

# leased in up-river areas near the hatcheries to prevent the
straying of returning spawners, which occurs when jure-

Figure ~-10. General Migration Patterns of nile salmon from up--river are released in the estuary.
Salmon, Steelhead Rainbow Trout, and American Strays from hatcheries have helped provide instream
Shad in the Sacramento-San Joaquin Estuary spawners to tributaries other than the ones on which the
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hatcheries are located. The release of hatchery fish hn the
Potential Factors Affectinglower estuary has enabled an intense ocean fishery to re-

main stable, concurrent with reduced natural salmon pop- Chinook Salmon Abundance

ulations. However, since natural and hatchery salmon oc- Toxics (from urban, industrial, mining, agricultural
cur together in the ocean, commercial and sports fishing and other sources)
regulations on mixed stocks could result in over-harvest- Treated waste
ing of natural stocks. It is estimated that the commercial Untreated waste
and recreational fishery in the ocean harvests 70 to 80 per- Point runoff
cent of the adult salmon that were destined to spawn in Non-point runoff
Central Valley streams.

Entrainment
Environmental requirement, s of salmon and steelhead State Water Project
adults migrating upstream include adequate temperature Central Valley Project
and dissolved oxygen levels, sufficient flows, and net Delta agriculture diversions
downstream flow of home-stream water. Juvenile sal- Delta Cross Channel
mon migrating to the ocean also depend on adequate wa- Upper Sacramento River agricultural diversions
ter temperature and dissolved oxygen. Net downstream Spawning Habitat
flow in the Sacramento River and upper estuary is impor- Temperature and dissolved oxygen levels
rant for juvenile salmon migration. San Joaquin River flows

Blockage of passage in upper Sacramento River
Decision 1485 requirements to protect salmon consist of: Mining, logging, and agriculture activities
¯ flow to maintain adequate food supplies for juvenile in upper Sacramento River tributaries

out-migrating salmon;

minimum flow for the Sacramento River at Rio Vista mento River has dropped from an estimated 17,500 to
to facilitate upstream and downstream migration; 2,000 during the past 20 years.

¯ closure of Delta Cross Channel gates from January 1 Diversions in the south Deltaby SWP and CVP, combined
to April 15 when Delta outflows exceed 12,000 cubic with flows through the Delta Cross Channel, increase the
feet per second. (Similar requirements for youngproportion of Sacramento River water present in the inte-
striped bass extend this to May 31); and riot Delta. Also, south Delta diversions frequently cause

¯ operating criteria for the SWP and CVP fish protec- reverse flows in the lower San Joaquin River during Au-
tive facilities, gust through November, the period when most Sacramen-

Also, export limits for striped bass in May, June, and Julyto River adult salmon and steelhead migrate upstream.

reduce exposure of young salmon and steelhead to theSome of these fish use the lower San Joaquin River and

screens. There are no San Joaquin River flow standards-Mokelumne River on their way upstream, returning to

for smolt survival in Decision 1485. the Sacramento River through the Delta Cross Channel
and Georgiana Slough. Altered flow patterns cause theSacramento River. The Sacramento River once provided migrating fish to stray and be delayed. This results in

four strong seasonal runs of spawning Chinook salmon,some fish not reaching the spawning grounds and others
All four runs have declined, with the late fall and spring straying into areas unsuitable for spawning. The magni-
runs decreasing to fairly stable levels of a few thousand

tude of these effects on the population as a whole is un-adult spawners. The winter run, which showed a dramatic known.
increase after Shasta Dam was built, has declined during
recent years (from 40,000 to 2,000 spawners in the past 20The ability of Sacramento River juveniles to take the most
years) and may be in danger of disappearing entirely. Indirect route through the estuary is affected by flows di-
1989, estimated winter run spawners numbered 550,verted from the Sacramento River into the interior Delta
which necessitated their inclusion in the State endan-through the Delta Cross Channel and Georgiana Slough.
gered wildlife list. Only the early fall run is still substan- Study results suggest that mortality is 50 percent higher
tial, and its spawning, numbers have also declined-- fromfor fish entering the interior Delta than for fish remaining
425,000 (1959) to 185,000 (1987). Consistent with thein the Sacramento River in the drier years. Smaller juve-
salmon trends, steelhead spawning in the upper Sacra-nile salmon (fry) migrating in January through March de-
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pend more on food produced in the estuary than do largerSeveral SDWMP alternatives include a barrier on Old
juveniles (smolts) migrating in spring. Fry use the estuaryRiver at Head, which will increase downstream flow in the
as nursery habitat, while smolts pass through rapidly. San Joaquin River. It is expected that this will help in-

crease dissolved oxygen levels in the San Joaquin near
San Joaquin River. Salmon runs in the San Joaquin RiverStockton during the fall, when levels are low. This would
system have declined to less than a tenth of their abun-lessen the impacts to salmon migration.
dance of 40 years ago. Upstream spawning and rearing
habitat have been lost due to 1) mining, logging, and agri-South Delta exports affect adult San Joaquin River salm-
cultural and urban activities in the watershed; 2) blockageon by reducing the amount of San Joaquin River water in
of upstream areas by dams; and 3) water quality degrada-the west Delta. The proportion of San Joaquin River wa-
tion caused by waste discharges and warmer water. Theter in the Delta was low before project export pumping,
major change in the total San Joaquin Salmon run hasand SWP and CVP operations have further decreased this
been the elemination of th~ spring run by Friant Dam.proportion of flow.
The San Joaquin River system, in particular, also suffersThe number of juvenile San Joaquin River salmon ex-
from low flows in the mainstream and tributaries that re- posed to project fish screens during spring is related to the
strict its suitability as salmon habitat, proportion of San Joaquin River inflows drawn through
In the Delta, local diversions and export pumps tend tothe upper end of Old River by the export facilities. This
entrain young salmon. Flows that support fall-run salm-proportion varies considerably with San Joaquin River
on in the San Joaquin River and its tributaries (Cosumnes,flows and, to a lesser extent, with export rates during
Mokelumne, Calaveras, Stanislaus, Tuolumne, andspring, but in all years most San Joaquin River flow is
Merced rivers), particularly Spring flows, may contribute drawn to the pumps. In drier years, all water from the San
to the number of juvenile salmon produced and the num-Joaquin River enters the head of Old River and water
ber of adults that return, although data on smolt survivalfrom this source not used for local irrigation is diverted by
are not adequate to establish a flow-survival relationship,the SWP and CVP.
FlowpatternsintheDeltaandtheamount ofwaterofSanImpact of SDWMR Tables 5-15 and 5-16 show monthlyJoaquin River origin that is exported at SWP and CVP di-flows and ratios diverted from the Sacramento and Sanversions in the south Delta also affect San Joaquin RiverJoaquin rivers during months of high salmon abundance.
salmon. Studies of tagged juvenile salmon indicate thatA higher ratio indicates greater potential for displace-the majority collected at SWP and CVP fish screen origi- ment of salmon from normal migration routes. The Sannate in the San Joaquin River. Joaquin River flow ratio can be very low for alternatives
Low dissolved oxygen levels occur during the fall of mostwith barrier configuration B because these alternatives at
years in the San Joaquin River near Stockton. This maytimes operated a full barrier on Old River at Head from
delay and thus interfere with successful salmon migration.April through July.
The low dissolved oxygen levels are associated with San
Joaquin River flows, organic loading by the City of Stock-Table 5-17 summarizes seasonal Delta flows and relation-

ton, and oxygen depeletion due to organic deposits. A1-ships under alternative plans that could affect salmon and

though the City of Stockton has improved its sewage faci-steelhead migration. This information, as well as that pro-

lities, it is still asource of substantial organicloadingin thevided in Tables 5-15 and 5-16, are derived from monthly

fall. average flows from five water years chosen as representa-
tive of the five water year types. These five water years

Mitigation for this condition has included installation of awere selected from the 57-year study period from the op-
temporary barrier in Old River to create a downstream eration studies described in Appendix C. The monthly av-
flow in the San Joaquin River past Stockton. DWR haserage flows simulated were in the lower San Joaquin Riv-
done this every fall since 1963, except in a few years whener, Georgiana Slough, the Delta Cross-Channel, and in
San Joaquin River flows and dissolved oxygen levels wereOld River at Head. Ratios of flows diverted toward the
adequate for fish passage. Reclamation is also providingexport pumps from the San Joaquin and Sacramento riv-
interim releases from New Melones Reservoir to provide ers were calculated on the basis of model results derived
additional downstream flow in the San Joaquin River. from hydrodynamic modeling described in Appendix C.
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Table 5-16
Ratio of Old River Flows to San Joaquin River Flows

(Monthly average flows in cubic feet per second; 3.3 MAF SWP Demands)

Representative Critical Year

Alternative1 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

No-Action San Joaquin R. 2,710 3,101 2,908 1,776 942 1,768 1,991 1,672 1,121 966 918 1,413
No-Action Old R. at Head 2,240 2,433 2,340 1,660 1,122 1,622 1,770 1,465 1,097 990 935 1,322
No-Action Ratio 0.827 0.785 0.805 0.935 1.191 0.917 0.889 0.876 0.979 1.021 1.02 0.936

1 San Joaquin R. 2,710 3,101 2,908 1,776 942 1,768 1,991 1,690 1,122 966 919 1,413
1 Old R. at Head 2,166 2,401 2,235 1,545 949 1,457 0 0 0 0 789 1,170
1 Ratio 0.799 0.774 0.769 0.870 1.007 0.824 0.000 0.000 0.000 0 0.858 0.828

2 San Joaquin R. 2,710 3,101 2,908 1,776 942 1,767 1,991 1,690 1,121 966 919 1,413
2 Old R. at Head 1,878 2,401 2,235 1,545 747 1,231 1,319 1,120 750 586 569 925
2 Ratio 0.693 0.774 0.769 0.870 0.793 0.697 0.662 0.663 0.669 0.606 0.619 0.655

1,688 965 918 1,411
675 !,186 1,289 1,075¯ 705 606 : : 555:.:~898

4 San Joaquin R. 2,710 3,101 2,908 1,776 941 1,766 1,990 1,687 1,119 965 917 1,410
4 Old R. at Head 1,900 2,398 2,240 1,555 764 1,246 1,333 1,125 754 629 588 935
4 Ratio 0.701 0.773 0.770 0.876 0.812 0.706 0.670 0.667 0.674 0.652 0.641 0.663

Representative Dry Year

Alternative1 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

No-Action San Joaquin R. 1,707 2,074 2,179 1,861 1,519 1,521 1,706 1,162 988 966 918 1,413
No-Action Old R. at Head 1,603 1,893 1,902 1,776 1,560 1,558 1,615 1,097 980 912 809 1,142
No-Action Ratio 0.939 0.913 0.873 0.954 1.027 1.024 0.947 0.944 0.992 0.944 0.881 0.806

San Joaquin 1,707 2,074 2,179 1,861 1,519 1,521 1,706 1,162 989 966 919 1,4131 R.
1 Old R. at Head 1,439 1,876 1,804 1,745 1,362 1,474 0 0 0 0 722 991
1 Ratio 0.843 0.905 0.828 0.938 0.897 0.969 0.000 0.000 0.000 0 0.786 0.701

2 San Joaquin R. 1,706 2,074 2,179 1,861 1,519 1,521 1,706 1,162 988 966:~ 919 1,413
2 Old R. at Head 1,190 1,876 1,804 1,745 1,122 1,251 1,278 783 664 590 506 755
2 Ratio 0.698 0.905 0.828 0.938-0.739 0.822 0.749 0.674 0.672 0.611 0.551 0.534

4 San Joaquin R. 1,7052,074 2,178 1,861 1,518 1,521 1,706 1,160 986 965 917 1,410
4 Old R. at Head 1,208 1,873 1,813 1,742 1,150 1,277 1,304 785 662 613 531 774
4 Ratio 0.709 0.903 0.832 0.936 0.758 0.840 0.764 0.677 0.671 0.635 0.579 0.549

1See footnotes on page 131.
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Table 5-16 (Continued)
Ratio of Old River Flows to San Joaquin River Flows

( Monthly average flows in cubic feet per second; 3.3 MAF SWP Demands)

Representative Below-Normal Year

Alternative* Oct Nov Dec Jan Feb Mar Apr May ffun Jul Aug Sep

No-Action San JoaquinR. 1,8841,831 2,248 2,913 2,890 1,394 2,112 1,800 1,198 1,098 1,061 2,249
No-Action Old R. at Head 1,783 1,744 1,995 2,315 2,333 1,363 1,861 1,552 1,173 1,211 1,051 1,878
No-Action Ratio 0.946 0.952 0.887 0.795 0.807 0.978 0.881 0.862 0.979 1.10 0.991 0.835

1 San Joaquin R. 1,884 1,831 2,248 2,913 2,890 1,394 2,112 1,800 1,198 1,098 1,061 2,249
1 Old R. at Head 1,732 1,675 1,953 2,202 2,178 1,331 0 0 0 0 0.967 1,795
1 Ratio 0.919 0.915 0.869 0.756 0.754 0.955 0 0 0 0 0.911 0.798

2 San Joaquin R. 1,8841,831 2,248 2,913 2,890 1,394 2,112 1,800 1,198 1,098 1,061 2,249
2 Old R. at Head 1,732 1,675 1,953 2,202 2,178 1,331 1,490 1,172 804 833 967 1,795
2 Ratio 0.919 0.915 0.869 0.756 0.754 0.955 0.705 0.651 0.671 0.759 0.911 0.798

1,884., 1~83i::::21248 :: 2,9122,890 1,394 2,112 1,799 1,196 1,096 1,061 2,249
Old R. at Head 1,641.:!: 1;590: 1,858 2,i512,136 i,271 1,438 1,!30 750 779~ 954 1,770

..... 018~)i : : 0.868:~ 0,827 0.7390J]390.912 0.681 0.628 0.627 0.711 0.899 0.787

4 San JoaquinR. 1,8841,831 2,248 2,912 2,890 1,394 2,112 1,798 1,195 1,096 1,060 2,249
4 Old R. at Head 1,734 1,679 1,952 2,209 2,187 1,343 1,516 1,179 806 841 985 1,807
4 Ratio 0.920 0.917 0.868 0.759 0.757 0.963 0.718 0.656 0.674 0.767 0.929 0.803

Representative Above-Normal Year

Alternative* Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

No-Action San JoaquinR. 2,5973,128 2,962 2,000 6,939 3,073 2,263 642 675 1,199 1,014 2,016
No-Action Old R. at Head 2,178 2,444 2,369 1,776 4,361 2,367 1,964 768 809 1,313 1,143 1,856
No-Action Ratio 0.839 0.781 0.800 0.888 0.628 0.770 0.868 1.227 1.199 1.09 1.12 0.921

1 San Joaquin R. 2,5973,128 2,962 2,000 6,939 3,073 2,263 644 675 1,199 1,024 2,016
1 Old R. at Head 2,166 2,420 2,265 1,680 4,293 2,297 1,871 0 0 0 959 1,763
1 Ratio 0.834 0.774 0.765 0.840 0.619 0.747 0.827 0 0 0 0.937 0.875

2 San JoaquinR. 2,5973,128 2,962 2,000 6,939 3,073 2,263 644 675 1,198 1,024 2,016
2 Old R. at Head 2,166 2,420 2,265 1,680 4,293 2,297 1,871 437 471 861 959 1,763
2 Ratio 0.834 0.774 0.765 0.840 0.619 0.747 0.827 0.679 0.698 0.719 0.937 0.875

R:. 2;597 3;128 2,961 1,999 6,939 3,072 2,263 642 674 1,197 1,023 2,016
2,067’2,329 2,203 1,634 4,268 2,267 1,821 369 403 817 941 1,699
0.796"i :0.745 ’0.74~10.817 0.6i5 0.738 0.805 0.575 0.598 0.683 0~92 0.843

4 San Joaquin R. 2,5973,128 2,961 1,999 6,939 3,072 2,263 642 673 1,196 1,021 2,016
4 Old R. at Head 2,162 2,417 2,269 1,689 4,297 2,310 1,880 432 466 870 974 1,771
4 Ratio 0.832 0.773 0.766 0.845 0.619 0.752 0.831 0.673 0.692 0.727 0.954 0.879

*See footnotes on page 131.
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I                                            Table 5-16 (Continued)

Ratio of Old River Flows to San Joaquin River Flows

l (Monthly average flows in cubic feet per second; 3.3 MAF SWP Demands)

I ~ Representative Wet Year

Alternative~ Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug

No-Action San Joaquin R.1,461 926 557 3,199 4,871 9,508 11,4053,621 2,905 3,182 1,186 2,352

I No-Action Old R. at Head1,125 895 865 2,508 3,294 5,770 6,8632,527 2,088 2,316 1,192 1,971
No-Action Ratio 0.770 0.967 1.553 0.784 0.676 0.607 0.602 0.698 0.719 0.728_ 1.01 0.838

I 1 San Joaquin R.1,462 927 557 3,199 4,871 9,508 11,4053,638 2,905 3,182 1,186 2,352
1 Old R. at Head1,108 951 737 2,478 3,269 5,793 6,869 0 0 0 _ 1,063 1,881
1 Ratio 0.758 1.026 1.323 0.775 0.671 0.609 0.6020.000 0.000 0 0.896 0.80

i 2 San Joaquin R.1,462 927 557 3,199 4,871 9,508 11,405 3,638 2,905 3,182 1,186 2,352
2 Old R. at Head1,108 951 737 2,478 3,269 5,793 6,869 2,145 1,606 1,867 1,063 .1,881
2 Ratio 0.758 1.026 1.323 0.775 0.671 0.609 0.602 0.590 0.552 0.587 0.896 0.80

! 3;199::.~;871 .9,508 1~405. 3,637 " 2,904 3,181
6,842 2~120 -1,604 1,848 i,047 1,847

"0.605. ::....i.~_~.0"6001 _.0"583.1..i~i....i. ~0.552 0.581 0:88 .....

l. 4 San Joaquin R. 1,461 926 556 3,199 4,871 9,508 11,405 3,637 2,904 3,181 1,184 2,352
4 Old R. at Head 1,111 954 735 2,473 3,269 5,789 6,867 2,155 1,626 1,876 1,078 1,892
4    Ratio         0.760 1.030 1.322 0.773 0.671 0.609 0.602 0.593    0.560 0.59 0.911 0.804

i     ~Old River flows in Altemative "Northern Intake, Barrier Configuration A reflect the operation of full tide barrier on
Old River at Head to minimize the movement of salmon towards Banks Pumping Plant.

Note: Ratio can exceed 1.0 when Upper San Joaquin River experiences reverse flow.

Alternatives:
1 Northern Intake with Barrier Configuration A
2 Northern Intake with Barrier Configuration B

4 Enlarged Forebay - Highway 4 Intake with Barrier Configuration B
;

I

i
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Table 5-17
Summary of Seasonal Delta Flows Affecting Salmon and Steelhead
(Monthly average flows in cubic feet per second; 3.3 MAF ~WP Demands)

Lower San Joaquin Upper San Joaquin Average Flow Ratios
River Flow~1 River Flow~2 Sacramento R.3 [ San Jo~quin R.4

Aug-Nov May-Jul Nov Oct-Jun ] Oct-Jun

Alternative Representative Critical Year

No-Action 699 "643 658 0.478 0.911
Northern Intake, Barrier Config. A -215 -520 690 0.478 0.562
Northem Intake, Barrier Config. B -227 -533 690 0.478 0.732

~rred Alt~i-n~tiv~ ...........i~: . :2267 ’ ~3-5 " ~7%~ ....................................0~7~ ..................: ......0~700
Enlarged Forebay., Highway 4 Intake-270 -665 693 - 0.478 0.739

Representative Dry Year
No-Action 438 805 173 0.433 0.958
Northern Intake, Barrier Config. A -261 583 190 0.429 0.599
Northern Intake, Barrier Config. B -272 571 190 0.429 0.780

Enlarged Forebay, Highway 4 Intake-355 487 193 0.429 0.788

Representative Below-Normal Year
No-Action -303 422 76 0.362 0.900
Northern Intake, Barrier Config. A -770 637 145 0.360 0.575
Northern Intake,~B~ar~_.’er Config. B -770 627 145 0.360 0.799

Enlarged Forebay, Highway 4 Intake-798 559 141 0.360 0.804

Representative Above-Normal Year
No-Action -95 1,455 674 0.309 0.889
Northern Intake, Barrier Config. A -1,004 1,791 698 0.307 0.602
Northem Intake, Barrier Config. B-1,004 1,779 698 0.307 0.754

Enlarged Forebay, Highway 4 Intake-1,016 1,714 702 0.307 0.754

Representative Wet Year

No-Action 424 3,163 22 0.324 0.819
Northern Intake, Barrier Config.A 296 3,762 -34 0.3~9 0.641
Northern Intake, Barrier Config. B 296 3,750 -34 0.318 0.767

~r~a~v’~ ..... " .: 253 : 3,627 : 37 "      0.319 ° 0.733 ~
Enlarged Forebay, Highway 4 Intake 248 3,606 -38 0.318 0.769

~San Joaquin River at Antioch. Negative sign indicates reverse flows.
~San Joaquin River below Old River. Negative sign indicates reverse flows.
aCross-Delta flows are the sum of flows in Delta Cross Channel and Georgiana Slough. Flows in the Cross Channel reflect
flow control operations and Decision 1485 constraints from January i to May 31 to minimize cross-Delta movement of
salmon and diversion of young striped bass into Central Delta.
4Old River flows in Alternative ’~Northern Intake, Barrier Configuration ~’ reflect the operation of full tide barrier on Old River
at Head to minimize the movement of salmon towards Banks Pumping Plant.

!
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Table 5-18
Estimated Mortality of Fall-Run Sacramento River Salmon Smolts

Emigrating Through the Delta
for the Five Representative Water Years

CVP + SWP Exports (cfs) Cross Delta Flow Ratioz Mortality2

Alternative April 1 May I June April~ May ] June April ] May ~ June Seasona

Representative Critical Year

No-Action 8,371 5,659 5,497 0.477 0.516 0.517 0.744 0.796 0.876 0.812
~i:eferred ¯ 7,043 " 5,626,, .. 5,1270 491 0.516 0.522 0.719 0.796 - 0.871 0.807 1

Difference -1,328 -33 -370 -0.025 0.0 -0.005 ¯ -0.005

Representative Dry Year

No-Action 8,775 5,203 5,161 0.458 0.477 0.480 0.746 0.780 0.866 0.801
~~ ....................:~_...~,~... :,, ..... _0.475 ............0~77~ ..........0.790~:.j .....0,875. : ..........0.8!3.~

Difference 1,580 573 655 0.025     0.010     0.0090.012

Representative Below-Normal Year

No-Acti0n 9,010    5,984    6,0180.457 0.4..740.46 0. 49 0~794 0.877 O 82A~
iiTr~ferred : .....i .~-0,~0~31"iii."iii.iii’~,9-~.~i~:;?~’~-~6;0-~18.:.. 0.~449 0.~79 ....0~.46_8: ..........0,769 ...........0,79_6 ...........0.878 ............0.817.

Diference 1,093 0 0 ---- 0.020 0.002 0.001 0.005

Representative Above-Normal Year

No~tion 9,582 5,984 ~.0~18 ....0~!88.._ 0.17.2. ......~0~8~[ ....0_.6!4. .....0~7!0 .....9.866 .....0,742 ,

Difference 201 0 0 0.002      0.0 0.0     0.001

Representative Wet Year

No-Action 7,665 5,984 3,479 0.164 0.201 0.423 0.585 0.718 0.838 0.734..
~ erre~ _ d :. °5,. ..........!9~27./. :~ i::.._ .~."i.::..:: 0:.~6_.~..~ .~..~0._20~1. ............=. 0.4~,6.1 ........:..,.0~607 ..............i~ .........0,.71.~.... _0_~8!0..~.0 728
Difference 2,606 0 -1,950 0.022 0.0 -0.028 -0.006

~Ratio of sum of Delta Cross Channel and Georgiana Slough flows to Sacramento River flow.

2Water temperatures assumed for this table: April- 62 o F, May- 65 o F, June - 68 o E Negative value for difference indicates that smolt
mortality decreases under the preferred alternative.

aWeighted average of April (15%), May (55%), and June (30%) mortality values based upon estimated percentage of smolts migrating
through the Delta in each month.
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USF&WS has developed a Delta survival model for juve- substantially affect distribution of Sacramento River wa-
nile fall-run salmon from the Sacramento River drainage,ter in the Delta, and thus should not further inhibit the
This model relates survival of fall-run smolt emigratingupstream migration of adults through the Delta.
from Sacramento to Chipps Island to Sacramento River
temperature, diversion of Sacramento River flow into theThe change in Sacramento River inflow and SWP pump-

central Delta, and SWP/CVP export level. Fall-run smolt ing from the no-action alternative to the preferred alter-

survival appears to be very sensitive to Sacramento Rivernative would probably increase the incidence and severity
water temperature. SDWMP should not affect Sacra- of reverse flows in the lower San Joaquin River. Thismay

mento River water temperature, cause some negative impacts to migrating salmon and
steelhead. This could be corrected with North Delta Wa-

Table 5-18 presents projected fall-run salmon smolt mor-ter Management facilities.
tality [estimated using the USF&WS model] for the five
representative water years for typical temperature condi-There would be very little change in the average ratios of

tions. These water temperatures are assumed to be theSacramento to cross-Delta flows, and salmon migration is
under the no-action and preferred alternatives, not expected to be affected here. Table 5-18 indicates thatsame

under the preferred alternative, changes in mortality of
Possible impacts to winter-run salmon are discussed latersalmon smolts from Sacramento River drainage would
in this chapter in the section, "Impacts on Rare, Threat-range from an increase of 2.5 percent (April of represen-
ened, and Endangered Species." tative dry year) to a decrease of 2.5 percent (April of rep-

resentative criticalyear). The estimated seasonal mortal-
No-Action Alternative. With the existing facilities in the ity for the five year types exceeded that for the no-action
Delta, flow patterns would remain similar to those occur- alternative by 0.1 percent.
ring today. Thus, current undesirable conditions for salm-
on and steelhead in the estuary would at best remain un-The average ratios of Old River to San Joaquin River
changed. Net August-through-November flows in theflows would decrease substantially. If the barrier on Old
lower San Joaquin River are positive in the representativeRiver at head is operated in the preferred alternative,
critical, dry, and wet years but may be negative for ex- these ratios would decrease to, or below, those listed un-
tended times within this four-month period. The averageder the Barrier Configuration A alternative.
flow ratios from the San Joaquin River and Old River split
are high and indicate possibly high juvenile salmon dis-Thus, the preferred alternative should substantially re-
placement towards the CVP and SWP pumps, duce the number of migrating salmon drawn towards the

State and federal pumps via the upper San Joaquin River.
Table 5-18 indicates that under the no-action alternative,Exposure of juvenile salmon to the fish screens would
mortality of juvenile salmon emigrating from Sacramentoprobably differ from the no-action alternative, although
toChippsIsland could range from 68.5 percent (April of how it might vary is unclear. SWP exports would increase,
representative wet year) to 87.7 percent (June of repre- thus drawing more salmon up Middle and Old Rivers to
sentative below-normal year), the pumps; however, fewer San Joaquin River salmon

would be drawn to the pumps via Old River. It is thus also
Preferred Alternative. Under the preferred alternative, as unclear whether more or fewer salmon would be en-
in any of the alternatives to the no-action alternative, trained in the Delta.
SWP pumping would tend to be higher than with the no-
action alternative during October through April, and low-It is expected that the changes in flow patterns discussed
er from May through August. Sacramento River flows above and the improved circulation caused by the pre-
would tend to increase as SWP pumping increased and de-ferred alternative will improve dissolved oxygen, water
crease as SWP pumping decreased. Thus, the annual nettemperatures, and nursery areas in south Delta channels.
Delta outflow with any of the alternatives, including the
preferred alternative, would remain about the same or de-Other Alternatives. The other SDWMP alternatives would

the water year type. probably affect salmon similarly to the effects of the pre-creaseslightly,dependingon
ferred alternative. The Northern Intake with Barrier

The substantial increases in SWP exports during theConfiguration A, Northern Intake with Barrier Configu-
months when the peak of the upstream migration of fall-ration B, and Enlarged Forebay with Highway 4 Intake
run adults occur (October through December) will not alternatives would impact 1) lower San Joaquin River re-
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verse flows and 2) ratios of cross-Delta flows to Sacra- as Redondo Beach (Los Angeles County) and as far north
mento River flows similarly to the impacts of the pre- as the State of Washington, indicating that some limited
ferred alternative, ocean migration has occurred. A small self-sustaining

population was established in the Coos River in southern
SWP diversions and related salmon losses would be theOregon; however, their numbers have decreased dramati-
same under the other alternatives as with the preferredcally in recent years.
alternative. The barrier-type facility at the head of Old
River may be operated to protect migrating adult salmonDuring the fall, adult striped bass generally move into the
on the San Joaquin River. Mortality of salmon smoltsDelta, where some overwinter and the remainder return
from Sacramento River would be similar to that to San Francisco Bay. In the spring, adults undergo adrainage
estimated for the preferred alternative, spawning migration to the lower San Joaquin River and

the Sacramento River between Isleton and Butte City.
General Impacts on Striped Bass The exact breakdown in percentage spawning in the two

rivers is difficult to estimate; however, apparently more
The striped bass, Morone saxatilis, was introduced to the fish spawn in the Sacramento River than in the lower San
Bay/Delta in the late 1800s, when a few hundred juvenileJoaquin River.
fish collected from the Navesink and Shrewsbury rivers in
New Jersey were planted. By the 1890s the introducedFor purposes of this analysis, adult bass are defined as
fish had done so well that a commercial fishery had beenthose exceeding the minimum legal catchable size of 18
established--hundreds were caught within the inches. About half of the bass reach this size at 3 years offirst 10
years. More than 1 million pounds were landed in Califor-age. Although some 3-year-old bass may be sexually ma-
nia 20 years after the transplant, and from 1916 to 1935,ture, only bass 4 years and older contribute significantly to
the annual commercial catch ranged from 500,000 to 1the spawn. The number of eggs per female (fecundity)va-
million pounds. Commercial fishing continued until 1935,ries directly with size and age and can range from a few
when it was stopped to reduce salmon losses and to pro-hundred thousand for a young female to a few million for
vide a better striped bass sports fishery. There has been afemales older than 10 years.
recent general decline in angler success, the direct result
of a substantial decline in the adult striped bass popula-Since spawning is regulated to a large degree by water
tion during the 1970s. temperature during the April-June period, the time of

peak spawning varies from year to year and may show sev-
The SDWMP has the potential to impact the striped basseral peaks within a year. Spawning may also be limited by
population in the Bay/Delta system. This section providessalinity; most spawning occurs at salt concentrations of
a general description of striped bass life history, currentless than 200 total dissolved solids (TDS).mg/1
status of the population, a description of the factors
thought to be controlling striped bass abundance, and anThe female broadcasts the eggs into the water, and after
analysis of the impacts of the SDWMP. fertilization the developing embryos drift with the cur-

rent. At this life stage the larvae are small (3-5 mm) and
Much of the detailed information regarding striped bassdepend on food originally available in the egg. Mortality
has been collected as part of ~ 1960s DFG/DWR coopera-from all sources during this period is very high, at times in
rive study and an interagency (DWR, DFG, SWRCB, excess of 50 percent per day. The larvae begin to feed at
USGS, Reclamation, USF&WS) study (1971 to date) of the 5-7 mm stage (about 10 days to 2 weeks after fertiliza-
the Bay/Delta. Striped bass are collected and abundancetion). Survival at this time depends on whether the larvae
indices developed for various life stages from eggsaretransportedtoanareawherefoodoftherightsizeand
through adults. Information is also collected on food sup-concentration is available. Larval bass initially depend on
ply, entrainment, and such environmental variables as thesmall crustaceans (part of the zooplankton) for food. As
water’s content, clarity, and salinity, the bass they are able to larger zooplankton,oxygen grow, capture

such as the mysid shrimp (Neomysis mercedes) and later
L~fe History. Unlike many East Coast populations, espe- small fish.
cially those from the Chesapeake Bay, California striped
bass apparently spend most of their life cycle in the Bay/By the end of July, the juvenile bass have grown to the
Delta and in the coastal ocean within a few miles of the 30-40 mm size range and are found mostly in the Delta,
Golden Gate. Striped bass have been caught as far southSuisun Bay, and Montezuma Slough (in Suisun Marsh).
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and their food organisms can become entrained in
Potential Factors Affecting these reverse flows and, thus diverted from their nor-
Striped Bass Abundance mal migratory paths and nursery. In addition, water

project operations may increase flow velocities in the
Food Supply major transport channels, reducing water residence

Lower algal levels times and perhaps the production of invertebrates,
Change in algal bloom species which young bass eat.
Introduction of non-native invertebrates
Lower levels of important native invertebrates 2. Entrainment of young fish and their food supplies in the

SWP and CVP diversions and agricultural and industrial
Egg Supply diversions. Striped bass eggs, larvae and juveniles are

Lower numbers of fish~ removed from the Delta channels and Suisun Bay
Lower numbers 0f older fertile females through various diversions. These young striped bass

are lost to local agricultural diversions when Delta is-
Adult Mortality lands are irrigated or flooded for leaching. They are

Natural (including old age, disease, poaching, lost at Antioch and Pittsburg, where Delta water is
and toxics) pumped for PG&E powerplant cooling systems.
Fishing

Some young striped bass are pulled into the forebay,
Toxics (from urban, industrial, mining, agricultural, where predation, fish screens, handling, and hauling

and other sources) may cause losses. Other young striped bass are
Treated waste pumped into the SWP and CVP water transport sys-
Untreatedwaste tems, where they support a striped bass population in
Point runoff both San Luis Reservoir and the California Aqueduct.
Non-point runoff In each case, the young striped bass entrained are con-

sidered total losses to the potential Delta striped bass
Entrainment population.

State Water Project
Central Valley Project 3. The amount of outflow present to transport young fish
Delta agriculture diversions away from water diversions in the Delta and to maintain
Pacific Gas and Electric Company the striped bass nursery and the entrapment zone in
Delta Cross Channel Suisun Bay, where it is most productive. Striped bass

eggs and larvae, drifting with the current in the lower
Outflow and Diversion Rates Sacramento and San Joaquin rivers depend on the

downstream movement of water to transport them to
Most of the young bass remain in the upper estuary (San Suisun Bay, where conditions maybe suitable for their
Pablo Bay through the Delta) during their first two years growth and survival. The same moderately high out-
of life. flows necessary to transport young bass downstream

may also enhance production of their food organisms
Environmental Concerns. Water management in the Delta by keeping the entrapment zone in Suisun Bay.
presents several problems to the survival and mainte-
nance of the striped bass resource. These problems may4. Salinity intrusion. Striped bass require water that is

be related to: fresh or only slightly saline in which to spawn. In the
Delta, spawning occurs mainly in the San Joaquin Riv-

1. Using Delta channels as conduits to transport water from er from Antioch to Venice Island. Salinities in that
the Sacramento River across the Delta to the exportpumps reach are lowest just downstream from the mouth of
of Reclamation and DWR. The Delta is an important the Mokelumne River. Here fresh water from the
spawning and nursery area, but water project opera- Mokelumne and Sacramento systems dilutes the wa-
tions cause the net direction of flow to reverse from ter from the upper San Joaquin River, which is saltier
the norm in west and south Delta channels. In addi- because of agricultural return flows. Farther west, the
tion, the Delta Cross Channel diverts water into the river gradually becomes more saline due to the intru-
Central Delta. Striped bass eggs, larvae, largeryoung, sion of ocean water.
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Bass apparently react to this salinity regime while on amount of water that they would otherwise be en-
their spawning migration. They generally do not mi- titled.

Status of the Stock. Indices of striped bass abundance havegrate up the San JoaquinRiver beyondthe point
where salinity exceeds 350 mg/1 TDS (550 electrical been obtained at the egg and larval stage, at 38 ram, during
conductivity [EC]). In relatively dry years, this salinity the fall and early winter of their first year of life, and as
blockage occurs a few miles upstream from Venice Is- adults their annual migration. The ofon spawning period
land. Typically, spawning occurs between Antiochrecord for the four indices is variable, with the longest pe-
Point and Venice Island, where TDS is less than 200riod of record being for the 38 mm index (also called the
mg/1 (310 PC), but water that fresh is not essential for townet index), the fall index (also called the mid-water
egg survival. Laboratory studies have indicated thattrawl index), and adult population size and age distribu-
salinities up to 1,000 rag/1TDS (1560 PC) do not affect tion. The discussion of trends in abundance focuses on
egg survival, these three indices.

Whereas salinity up to 1,000 mg/1TDS apparently doesThe townet index is designed to represent the number of
not increase egg mortality and has, at most, a limitedstriped bass in the upper estuary when the average size of
short-term effect on the location of spawning, the the collected is 38 limitationsjuveniles mm. Sampling
long-term effect of salinities above 200 mg/1 TDS is such as the use of less than 100 percent efficient nets,
uncertain. Striped bass have a pronounced tendencypatchiness, and annual fluctuation in spatial distribution
to return to the same spawning area each year and oc-are severe enough to prevent the calculation of absolute
casional less-than-optimum salinity conditions maynumbers of juvenile striped bass. Nevertheless, the tow-
not deter this migration, net index provides a good relative measure of survival of

each year class to 38 mm. In extremely wet years, such as
SWRCB Decision 1485 salinity standards protect1983, the index is probably biased low since flows may
striped bass spawning in the west Delta. The spawningwash the small bass downstream of the sampling area.
standards (salinities and minimum Delta outflows) are
effective April 1 through May 5; the survival standards The townet index has varied from a low of about 4 in 1988
(minimum Delta outflows) are effective May 6 to a high of about 117 in 1965 (Figure 5-11). The 1976-77
through July 31. These standards have a relaxationdrought seems to be a break-point in the curve, with the
provision when the projects impose deficiencies inpre-1977 index averaging about 67 and the post-1977 in-
firm supplies. These deficiencies occur when, due to adex (through 1989) averaging about 22. Since the drought,
water supply shortage, water users are denied the fullonly 1986 resulted in a year-class comparable to those in

]25 ~ ’ ’ ’ I ~ ~ ’ ’ I ~ " ’ " I ~i , , , i ’ ’ ’ ~ I " ’~ ’ ’ I ’ ~ "
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Figure 5-11. Striped Bass Summer Townet Index, 1959-1989
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Figure 5-12. Fall Total Mid-water Trawl Striped Bass Index, 1967-1989

the 1960s and early 1970s. These data demonstrate thatAs shown in Figure 5-13, the adult striped bass population
the number of juvenile striped bass has been much lowerwas relatively stable at about 1.5 to 2 million fish from
during the past decade than before the 1976-77 drought.1969 through 1976. In 1977 the population appeared to

drop precipitously to about 1 million fish and again has re-
The total fall mid-water trawl indices from 1967 through mained fairly stable. Given the wide variability before and
1989 are plotted in Figure 5-12. Individual indices are de-after 1976, it is impossible to determine if there was actual
termined for the months of September, October, Novem-year-to-year variation in numbers of fish. There is no
ber, and December; however, only the total index isdoubt, however, that there have been significantly fewer
plotted. This index cannot be numerically compared withadult fish since 1977 than there were in the early 1970s.
the townet survey index since the collection and computa-

Factors Controlling Stock Size. In 1987, several agenciestional methods are different. Although numerically larg-
er, the fall index represents fewer fish due to substantialsubmitted evidence to the SWRCB concerning the striped

mortality between summer and fall surveys. The fall in-bass decline and factors that may control their distribution

dex is more erratic than the townet; however, after 1977and abundance at different life stages in the Bay/Delta.
the index has been about hag of what it was before theImportant points are listed below:
drought.

Another index of striped bass abundance is obtained as̄ Delta OuOqow and Diversions. Prior to 1977, a regres-

the adult bass migrate up the Sacramento and San Joa- sion equation developed by DFG explained most of

quin rivers on their spawning runs. Adult fish are cap- the annual variation in the summer townet index. In

tured by nets and traps, and tags are applied to fish of legal this equation, outflow at Chipps Island during May

size. Also, age of the fish is determined by analyzing and June explained most of the variability, with diver-

growth rings on their scales. Through creel census and sions accounting for an additional percentage. Figure

subsequent tagging operations, some tagged fish are re- 5-14 contains a plot of the measured abundance index
covered. By use of computations involving the number of and the index predicted by the regression.
tags applied, the number recovered, and the ages of the After 1976 (with the exception of 1986), the regression
tagged fish (plus several assumptions), an annual age-spe- equation consistently overestimates the number of
cffic estimate of the adult population size is obtained. Be- young yearling striped bass (Figure 5-14). (The 1983
cause of sampling problems (especially related to low year class should not be considered in this comparison,
numbers of tags applied to older fish), these estimates because high spring flows washed fish out of the sam-
have fairly large margins of error, pling area.)
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Figure 5-13. Total Number of Adult Striped Bass 1969-1989
as Estimated by the Peterson Mark-Recapture Method

"[’he data indicate that some fundamental change in (1) Since 1976, there has often been lower algal
system productivity may have occurred after the standing crop in such striped bass nursery areas as
1976-77 drought because flows and diversion rates Suisun Bay and the central, west, and south Delta.
similar to those before the drought do not result in as However, as yet there has been no relationship dem-
many fish. onstrated between the algal standing crop and striped

bass year-class strength.
Food Supply. One possible explanation for recent low
production of juvenile striped bassis that there maybe (2) Since 1976 many of the Delta phytoplankton
less total food less food available for blooms have been dominated chain diatom, Me-or high-quality bya

the larval and juvenile bass. This hypothesis is sup- losiragranulata, which may not be as available for use
ported in part by the following general observations: in the striped bass food web as previously dominant

55 60 65 70 75 80 85
YEAR

Figure 5-14. Observed and Predicted Indices of Striped Bass Abundance at 1.5 Meters,
1959-1984
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algal species. However, there is no strong evidence member of the benthic community, with long-term ef-
to show that increased Melosira abundance has re- fects on production of pelagicfish, such as striped bass,
stricted the food supply available to young striped in the system.
bass. (4) Since the 1976-77 drought, Neomysis, a key food

(3) Several introduced species of invertebrates have organism for striped bass (and other Bay/Delta car-

recently become established in the Bay/Delta, which nivorous fish) has been found at consistently low pop-

have either displaced other animals common in the ulation levels (Figure 5-16).

diet of young striped bass or which may be competing In summary, there is some evidence indicating that
with them for food. Two foremost examples of these food supply may be limiting survival of larval and ju-
accidental introductions, both from Asia, are a cope- venile striped bass. However, there is no direct evi-
pod, Sinocalanus, and a clam, Potamocorbula. Sino- dence that such limitations have actually affected the
calanus has apparently largely displaced (out-com- ability of striped bass to survive during their first few
peted) a native copepod Eurytemora, which was exten- weeks. The Interagency Ecological Studies Program
sively fed upon by larval striped bass (Figure 5-15). has initiated studies that use such measures as daily

Laboratory studies have shown that Sinocalanus is growth rate, body measurements (morphometrics),

better able to avoid capture by young bass than Eury- and tissue development (histology) to assess the con-

temora. The small clam, Potamocorbula, was first ob- dition of young striped bass in the Sacramento-San

served in 1987 and appears to be dominating the bot- Joaquin estuary.

tom-dwelling community in San Pablo Bay, Suisun Preliminary results indicate that selected measures
Bay, and the west Delta. This clam is an effective ill- of morphology and histology of wild striped bass lar-
ter feeder and may be removing significant amounts vae do not significantly differ from well-fed hatchery
of algae and zooplankton from the water column, striped bass. This indicates that the captured striped

bass were apparently well fed in 1988. However,During the drought, USGS hypothesized that ob-
served low algae and zooplankton in Suisun Bay and starved bass may have died and were not available to

the west Delta was due to grazing by other clams, Mya be captured in the field program. A wider variety of

arenaria and Macoma bathica, which temporarily in- sites were completed in 1989; however, the data are

vaded Suisun Bay and the west Delta due to increased not yet available.

seawater intrusion. Potamocorbula is tolerant of a DFG reported that there is some evidence that adult
wider salinity range and could become a permanent striped bass from the estuary are not food limited, or
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Figure 5-15. Densities of Eurytemora and Sinocalanus, All Areas, 1972-1985
(Adopted from DFG, 1987)
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Figure 5-16. Mean March-November Neomysis Abundance from
western Suisun Bay to Rio Vista on the Sacramento River, and to the mouth of Old River

on the San Joaquin River, 1969-1985. Adopted from DFG 1987b

at least that the adults captured do not exhibit symp- ity includes those adult fish dying from old age, dis-
associated with insufficient food. and toxics, is due totoms ease,poaching, Fishingmortality

¯ Egg Supply. One explanation for low indices of juvenile legal take by anglers. The total annual mortality of

abundance since the 1976-77 drought has been the adult striped bass in the Bay/Delta system has shown
an upward trend from 1969 through 1984 (Figurelack of eggs to "saturate" the environment. According
5-17). This upward trend is due to higher mortality ofto this theory, when conditions are optimum, good those fish 5 years and older (Figure 5-17), with mortal-year classes are produced because egg supply is not

limiting. In a system with less than optimum environ- ity of 3- and 4-year-old fish being relatively stable at

mental conditions and high larval mortality, a larger about 50 percent.

egg supply is needed to ensure that enough juveniles Although total annual mortality exhibited an Upward
remain after the period of high initial mortality to pro- the similar trend in eithertrend, expected natural
duce a good year class. The egg limitation hypothesis mortality or legal take did not occur (Figure 5-18).
is supported by the lower adult population abundance DFG believes that the striped bass populations should
since the drought and the sharply reduced numbers of be able to sustain the 15 to 30 percent harvest rate
older, highly fecund, females in the population. Be- found in the Sacramento-San Joaquin system.
cause ot~ these two factors, the present egg supply is
probably less than one-third of that found in the early Although overall fishing mortality is relatively low
1970s. compared to values for other populations such as in

Chesapeake Bay, there has been a decrease in the av-
That the present striped bass population can produce erage age of Bay/Delta striped bass population. One
a relatively strong year class was demonstrated in result of decrease in is thataverageage the population
1986. The 1986 townet index was about 65, the best now contains a significantly lower percentage of older
since the drought and similar to those produced be- females (7 years old and older) than it did in the early
fore the drought with the same general environmen- 1970s. Fish 7 years and older averaged 13 percent dur-
tal conditions. This good year class was in spite of the ing the 1969 through 1976 period, compared to an av-
fact that there was no apparent change in numbers of erage of 5 percent in the 1977 through 1987 period. As
spawners in 1986. mentioned earlier, the older larger females carry rela-

¯ Adult Mortality. Adult mortality is assumed to occuraf- tively more eggs than younger ones. Thus, the com-
ter striped bass reach legal size and may be character- bined effect of lower overall population, plus the de-
ized as fishing and natural mortality. Natural mortal- crease in older females, is to cause a greater loss of egg
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indicated that striped bass in this estuary exhibited San Francisco Bay receives large inputs of ocean water
symptoms typical of those induced by pollutants. (approximately 2.1 million cfs during flood tide).
These symptoms included high egg resorption rates DFG, with technical assistance from NMFS and finan-
and presence parasite cial support from the SWRCB, has carried on a limitedthe of extensive infections.
Adult striped bass from the Bay/Delta were generally version ofaduIt striped bass "health" monitoring. The
found to be in poorer health than fish of similar age present monitoring consists of collecting 40 adult pre-
and sex collected in Oregon, Lake Mead, or the East spawning females from the Sacramento and San Joa-
Coast. Unfortunately, changes of program priority quin Rivers (20 each) and analyzing them for a variety
within NMFS resulted in their research being termi- of chemical residues and measurements of egg resorp-
nated before the necessary cause-effect studies were tion, parasite infestation, length, and weight. In their
completed. 1987 progress report, DFG staff concluded:

A Citizens for a Better Ehvironment report Toxic Hot (1) The health of the Bay/Delta striped bass popula-
Spots in San Francisco Bay, August 1987, identified 39 tionisbeingimpactedbytoxics.

toxic hot spots where toxic chemicals have reached (2) Egg resorption rates may still be at levels that ad-
threatening levels in the sediments, shellfish, ducks versely impact egg production.

(3) Research to date has not been able to draw strongandwatersof the SanFranciscoBay estuary.There-
port states: direct relationships between specific pollutants and

"..The toxic hot spots serious, poorly
striped bass health.

pose
controlled risks to aquatic life and human (4) The health monitoring program should be thor-

health, and are adversely affecting the benefi- oughly reviewed and restructured so that it will more

cial uses of Bay waters. Pollutants such as pesti- effectively index striped bass health and lead on to

cides, petrochemicals, PCBs, selenium, mercu- cause-effect relationships.

ry and other toxic heavy metals exceed available (5) The report also recommended that only limited
environmental health effects criteria or stan- field sampling and analysis be conducted in 1989 so
dards at the identified toxic hot spots. At some that time would be available for program review.
sites, toxic pollutants have bioaccumulated in DFG has assembled a panel of outside experts to help
edible shellfish to levels amongst the highest in this review.
detected any estuary some The Central Valley Regional Water Quality Controlin in the world. At
sites, the toxicity of Bay sediments to aquatic Board has recently released results of toxicity bioas-
organisms has been demonstrated by laborato- says which indicate that the Colusa Basin Drain and

other agricultural and municipal drains may be dis-rytests,andfield studieshavedocumentedlo-
calized biological degradation." charging materials to the Sacramento and San Joaquin

rivers that makes them acutely toxic to striped bass and
The report went on to recommend that fresh water di- fathead minnow larvae, an invertebrate (Ceriodaph-
versions be evaluated and modified to reduce the po- nia), and algae.
tential for toxic hot spots to increase, especially in the Although the extent to which toxic substances may
South Bay. DWR believes that any dependency on
outflow to control toxics is not only ineffective but also

contribute to the contlnued decline of striped bass has
not been determined, there is reason for general ~Ola-

of questionable legitimate beneficial use. High flows cern in this area.do dilute pollutants in the Bay. However, minimum
summer flows, with or without fresh water diversions ¯ Spawning Habitat. There is no evidence that spawning
dilute pollutants in San Francisco Bay very little. Low habitats have been damaged. SWRCB standards have
flows continue for a long enough period in most years sufficiently protected them.

for an equilibrium to be established between pollutant̄ Larval Survival Rates. The rate at which striped bass
concentrations and dilution due to tidal action. Ade- survive their first few months is critical to subsequent
quate quality at that equilibrium depends on st~fficient juvenile bass abundance. Larval bass survival varies
waste not on fresh water flow levels. The from to Years that havetreatment, greatly year year. produced
South Bay in particular is hydraulically isolated from the least fish have also had extremely low survival of
flows, to control pollution during much of the year. larvae. The cause is not yet known.
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¯ Entrainment. The Sacramento-San Joaquin Delta, the Banks Pumping Plant and a description of the agree-
lower San Joaquin River, and Suisun Bay have numer- ment to offset the impacts.
ous diversions that can entrain striped bass eggs, lar- SWP recently began diverting about 120 cfs out of
vae, and juveniles. Following are the major diversions Barker Slough in the north Delta. This diversion was
causing entrainment losses, along with a brief descrip- not in effect during the period of decline. State-of-
tion of any fish protection facilities, and where possi- the-art fish screens (wedge wire with 5/32-inch open-
ble, some idea of the actual numbers lost. ings) were installed to protect juvenile striped bass and
(1) State Water Project. SWP presently diverts up to other fish. Surveys have shown that very few striped

about 6,400 cfs of water from the south Delta near the bass eggs and larvae are found in this area.
of Byron. Extensive fish protective facilities have (2) CVP intake near Tracy. The CVP has the capacity totown

been constructed to minimize fish losses. Figure 5-19 divert up to 4,600 cfs from the south Delta. The
is a plot of the total numbers of striped bass collected screening system is similar to that used by SWP except
at the Skinner Fish Facility during 1968 through 1989. that the primary system is one long louver instead of a
These screens are not effective for striped bass less series of bays. Striped bass salvage for 1968-1988 is
than about 20 mm long; in 1985, 1986, 1987, 1988 and shown in Figure 5-20.
1989, separate surveys were made to estimate losses at (3) Contra Costa Canal. The Contra Costa Canal di-
these stages. At the SWP intake, estimated losses of verts an average of about 200 cfs through an un-
striped bass eggs and larvae less than 20 mm long (con- screened intake near Rock Slough. DFG estimated
vetted to yearling equivalents) were: that as many as 5 million young-of-the-year striped

1985 - 68,488 bass were entrained in the Contra Costa Canal during

1986 - 37,109 1972 and 1973.
(4) Delta Agricultural Diversions. There are approxi-

1987 - 43,846 mately 1,800 small agricultural diversions, which take
1988 - 59,625 about 3,000 to 4,000 cfs of water from Delta channels

during spring and early summer, when striped bass
1989 - 56,309 eggs and larvae are most vulnerable to entrainment.

The analysis of direct impacts, discussed later in Chap- None of these diversions is screened or otherwise op-
ter 5 under "Direct Impacts of the Delta Complex on erated to prevent or minimize entrainment.
Striped Bass, Including Eggs and Larvae," includes a Although reliable numbers of striped bass lost to the
more detailed description of the losses at the intake to Delta agricultural diversions are difficult to obtain,

~    ~5 ’    ’    ’    ’    I    ’    ’    ’    ’    I    ’    ’    ’    ’    I    ’    ’    ~    ’    I    ’    ’    ’°
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Figure 5-19. Striped Bass Salvage at the Delta Intake to the SWP, 1968-1989
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Figure 5-20. Striped Bass Salvage at the South Delta Intake to the ~ 1958-1989

DWR estimated that 1978 and 1979 egg and larval Slough has the potential to adversely impact striped
losses to such diversions were about 600 million per bass. This conclusion comes from analyses showing

about the same order of magnitude as those that in recent the Delta has become a less hospi-year,or years
lost to SWP and CVP diversions, table nursery area for young striped bass. It appears

(5) Pacific Gas and Electric (PG&E). PG&E operates that projects resulting in more eggs and larvae drawn

two power plants (Antioch and Pittsburg) which divert to the Delta could adversely impact year-class

cooling water from the striped bass nursery area. Ju- strength.

venile striped bass entrained in these intakes can be As is apparent from the preceding discussion,
killed due to changes. Between March hundreds of millions of juvenile striped bass are losttemperature
1978 and March 1979, it was estimated that about 144 annually to diversions from the Sacramento River, the
million striped bass were entrained and killed by the Delta, and Suisun Bay. The impact of these losses on
Pittsburg Power Plant. Fewer striped bass were lost adult population numbers is difficult to determine.
through the Contra Costa Power Plant. Recent Because striped bass are prolific spawners, the species
changes in operation plus lower striped bass abun- has evolved in a manner that allows for over 99 percent
dance have apparently reduced these losses consider- mortalitybetween eggs and adults while still maintain-
ably. ing a level population.

(6) Miscellaneous Other Diversions. In addition to di- Some mechanism is probably present to maintain
versions for Delta agriculture, water is diverted at nu- adult population stability in spite of variations in year
merous locations in and below striped bass spawning class strength since there is an apparent lack of corre-
areas in the Sacramento and lower San Joaquin rivers lation between the 38 mm index and subsequent abun-
for agricultural, municipal, and industrial uses. There dance of 4 year olds from the same year class (Figure
has been no analysis of the numbers of striped bass lost 5-21). This differentiation between juvenile and adult
to these diversions. In 1990, DFG will initiate a major abundance is also demonstrated by the indices them-
study of unscreened diversions in the Central Valley, selves; i.e., the 38 mm index varied about tenfold (from
with particular reference to salmonid. Information in 117 to 9 ) during 1965 through 1983, whereas the popu-
this study may also be relevant to striped bass. lation of 4 year olds only varied by a factor of 3 (from

(7) Delta Cross Channel and Georgiana Slough. A1- about 600,000 to 200,000).

though not a diversion in the typical sense, the diver- The above discussion does not mean that juvenile pro-
sion of water from the Sacramento River to the interi- ruction is unimportant to adult striped bass abun-
or Delta via the Delta Cross Channel and Georgiana dance. DFG believes that entrainment losses are hav-
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Figure 5-21. Townet Index vs Subsequent Number of 4-year-old Adult Striped Bass
I

ing an impact on egg production through cumulative Table 5-19 summarizes monthly average salinities at
effects on the numbers of adults. Antioch and Prisoner’s Point in the San .Joaquin River

for the five water years chosen out of the 57-year study

Impacts of SDWMP. Uncertainties about factors affecting period to be representative of each water year classifi-

striped bass complicate analysis of the striped bass impacts cation.

associated with the change of export pumping and Delta 2. Flows in the lower San Joaquin River during May,
flow and salinity patterns caused by the SDWMP alterna- June, and July. Reverse flows in the lower San Joa-
fives. Impacts on the food supply for young striped bass quin River can adversely affect striped bass by pulling
cannot be analyzed completely because information and eggs, larvae, and juveniles from the Sacramento River
understanding are lacking, and Suisun Bay toward the Delta. Once in the Delta,

these life stages are subject to increased diversion by
local agricultural intakes and by the State and federal

Important factors that could be quantified and that were pumps.
considered in the analysis of general impacts on young
striped bass survival and abundance under the SDWMP Table 5-20 summarizes projected seasonal flows in the
alternatives are: San Joaquin River at Antioch under the SDWMP al-

ternatives. The two periods shown are May through
July and August through November. The May

1. Salinities (TDS) in the west Delta during spawning (April through July period is most critical for the larval and
and May). High salinities could be detrimental to early juvenile stages. During August through Novem-
spawning and egg survival. The D-1485 water quality ber, young-of-the-year are still subject to entrain-standards to protect striped bass spawning call for spe- merit and reverse flows can contribute to increased
cific conductance not to exceed 0.550 mmhos during entrainment losses.
April i to May 5 at Prisoner’s Point on the San Joaquin
River. This standard equates to approximately 350 3. Delta ouOqow and SlIP exports in May, June, and July.
mg/1 total dissolved solids (TDS). During May, June, and July, striped bass eggs, larvae,
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Table 5-19
Mean Monthly Salinities in Lower San Joaquin River During Striped Bass Spawning

For the Five Representative Water Years
(Values in milligrams per liter of total dlssolved solids)

[3.3 MAF SWP Demands]

San Joaquin River at Antioch

Below Above
Critical Dry Normal Normal Wet

Alternative April May April May April I May April I May April I May

NA 3,041 3,158 1,680 1,250 399 823 110 107 124 119
1 2,705 3,025 1,457 1,156 426 837 111 107 117 i17
2 2,282 2,460 1,238 907 385 695 111 107 117 116

4 2,280 2,466 1,250 910 384 693 111 107 117 112
5 2,737 3,066 1,464 1,166 426 839 111 107 117 117
6 2,295 2,491 1,214 888 378 695 111 107 117 116
7 2,210 2,412 1,193 865 374 672 111 107 117 116
8 2,296 2,492 1,232 893 385 695 111 107 117 116

San Joaquin River at Prisoners Point

Below Above
Critical Dry Normal Normal Wet

Alternative April] May April May April May AprilI May April[May

NA 180 155 131 115 104 106 101 100 153 113
1 160 146 144 118 104 110 101 101 146 119
2 142 131 131 113 104 106 101 100 146 112

.................. 2]~ ........)::~30 ............................................................................................................................................:: :,.. : : .:.. 6. .. 101 100 .: ........~5:,....1~
4 141 131 133 113 104 106 101 100 146 117
5 161 146 145 118 105 110 101 101 147 119
6 142 131 130 112 104 106 101 100 147 113
7 140 130 130 112 104 107 101 100 145 112
8 142 131 131 112 104 106 101 100 147 112

Alternatives:
NA No-action

I Northern Intake, Barrier Configuration A
2 Northem Intake, Barrier Configuration B

:~ -"" e ¯ :. -. : .... >... ~ 2 .... ¯ .. :
4 Enlarged Forebay with Highway 4 Intake, Barrier Configuration B
5 Northern Intake, Barrier Configuration A, CVP tie-in
6 Northern Intake, Barrier Configur~tion B, CVP fie-in
7 Enlarged Forebay with North Victoria Intake, Barrier Config. B, CVP fie-in
8 Enlarged Forebay with Highway 4 Intake, Barrier Config. B, CVP tie-in
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Table 5-20
Mean Monthly Flows in Lower San Joaquin River1

Affecting Striped Bass Spawning
For the Five Representative Water Years

(Values in cubic feet per second)
[3.3 MAF SWP Demands]

Below Above
Critical Dry              Normal Normal Wet

Alternative Aug-Nov May-Jul Aug-Nov May-Jul Aug-Nov May-Jul Aug-Nov Aug-Nov May-Jul

NA 699 -643 438 805 -303 422 -95 1,455 424 3,163
1 -215 -520 -261 583 -770 637 -1,004 1,791 296 3,762
2 -227 -533 -272 571 -770 627 -1,004 1,779 296 3 750

4 -270 -665 -355 487 -798 559 -1,016 1,714 248 3,606

1San Joaquin River at Antioch. Negative sign indicates reverse flo~z.

Alternatives:
NA No-action

1 Northern Intake, Barrier Configuration A
2 Northem Intake, Barrier-Configuration B

4 - Enlarged Forebay with Highway 4 Intake, Barrier Configuration B

Note: These alternatives are without CVP tie-in. Adding CVP tie-in does not significantly change the results.

and juveniles are probably most vulnerable to envitron-centralDelta no longer produces as manyjuvenilebass as
mental stresses, before.

Table 5-22 shows the monthly average May through July
Table 5-21 summarizes May, June, and July Banks Pump-ratios of cross-Delta flows to Sacramento River flows
ing Plant diversions and April-JulyDelta outflow byDeci- (Delta Cross Channel and Georgiana Slough flows di-
sion 1485 water year types over the 57-year study periodvided by Sacramento River flows) during the five repre-
for the no-action alternative (Operation Study 340B) andsentative water years.
the other SDWMP alternatives (Operation Study 327B).

There is disagreement whether changes in these condi-
tions will significantly affect the numbers of adult striped

4. Flows through the Delta Cross Channel and Georgiana bass in the Bay/Delta; however, these conditions are the
Slough during May and June. There is some evidence thatones most often included on lists of important factors for
actions causing more bass to reach the central Delta canstriped bass abundance. Where possible, the analysis in-
adversely affect the production of juvenile striped bass.cludes information bearing on potential impacts of
During the past several years the central Delta has be-changes in Delta conditions on adult numbers. This anal-
come a less hospitable nursery area foryoung striped bass.ysis is limited to the impact of SDWME Possible cumula-
For example, during 1960 through 1965, the Delta con-tire impacts of other projects are described in Chapter 6.
tributed an average of about 60 percent Of the juvenile
striped bass index. Twenty years later, from 1980 throughSeveral SDWMP alternatives have been described in ear-
1985, the average contribution by the Delta stations hadly sections of this report. The following discussion of po-
dropped to less than 30 percent. It is not clear why thetential environmental impacts on striped bass focuses on
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Table 5-21
Banks Delta Pumping Plant Diversions and

Delta Outflow During of StripedPeriods BassAbundance
(Monthly average flows in cubic feet per second over 57-year study period)

[3.3 MAF SWP Demands]

Banks Pumping Plant Delta Outflow
I

Alternative1 May June July April May June I July

Critical Year

No-Action 2,598 2,187 1,639      5,521 4,639 3,935 4,379

Other 2,057 2,241 1,110 5,357 4,639 4,019 4,056

Dry Year

No-Action 2,666 = 2,173 1,280      8,250 7,579 6,262 4,972

Other 2,696 2,143 1,042 8,062 7,579 6,262 4,860

Below Normal Year

No-Action     2,992     2,884     3,118     9,1149,685 8,433 6,41~

Other 2,703 2,524 2,724 8,784 9,685 8,433 6,204

Above Normal Year

No-Action 2,992 2,953 3,536 23,012 16,423 11,503 8,088
2_ .:.

Other 2,893 2,736 2,864 20,817 16,421 11,502 7,821

Wet Year

No-Action 2,992 2,975 3,741      44,873 30,923 20,555 9,797

Other 2,960 2,324 2,243 44,067 30,924 20,555 9,749

~The No-Action alternative represents Operation Study 340B, the Preferred and Other alternatives
represents Operation Study 32713 (KWB, LBG, south Delta improvements, and SWP diversions of

up to 10,300 cfs).

"Other" alternatives represents all of the SDWM_P alternatives other than the preferred
and no-action alternatives.
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Table 5-22
Ratio of Cross Delta Flow1 to Sacramento River Flow
For Months of High Young Striped Bass Abundance

For the Five Representative Water Years
(3.3 MAF SWP Demands)

Below Above
Critical Dry Normal Normal Wet

Alternative MaylJun[ Jul MaylJunlJul MaylJun[ Jul MaylJun]Ju! MaylJunl Jul

NA 0.52 0.52 0.49 0.48 0.48 0.49 0.47 0.46 0.45 0.17 0.38 0.42 0.20 0.42 0.45
1 0.52 0.52 0.51 0.47 0.47 0.49 0.48 0.47 0.46 0.17 0.39 0.45 0.20 0.44 0.46

2 0.52 0.52 0.51 0.47 0.47 0.49 0.48 0.47 0.46 0.17 0.39 0.45 0.20 0.44 0.46

4 0.52 0.52 0.51 0.47 0.47 0.49 0.48 0.47 0.46 0.17 0.39 0.45 0.20 0.44 0.46

ICrqss-Delta flows are the sum of flows in Delta Cross Channel Georgiana Slough. Low ratios in May of Above Normal and Wet
Years reflect closure of Delta Cross-Channel according to Decision 1485 constraints to minimize cross-Delta movement of

salmon and diversion of young striped bass into central Delta.

Alternatives:
NA No-action
1 Northern Intake, Barrier Configuration A
2 Northern Intake, t~arrier Configuration B

4 Enlarged Forebay with Highway 4 Intake, Barrier Configuration B

Note: These alternatives are without CVP tie-in. Adding CVP tie-in does not significantly change the results.

how the preferred and other alternatives compare to theunder the no-action alternative, striped bass spawning
no-action alternative. No new fish screens are included instandards would be met in all years. In the Sacramento
the preferred alternative or other alternatives in the anal-River, salinities are maintained during critical years by
ysis, and the operation of the Forebay is relatively un-project reservoir releases. Striped bass in the Sacramento
changed from the present. A more complete descriptionRiver spawn upstream of the salinity interface.
of the preferred alternative is found in Chapter 3. All im-
pact assessments for the preferred alternative and otherThe lack of consensus regarding delineation of an entrap-
alternatives, except entrainment losses, include projectedment zone precludes the use of Delta outflow values and
water diversions for Los Banos and Kern Water Bank. surface salinity estimates to determine the location of the

entrapment zone for the no-action alternative. It would
All alternatives benefit from the December 1986 ’~kgree-presumably be the most beneficial to young bass if the en-
merit Between the Department of Water Resources andtrapment zone consistently occurred within Suisun Bay
the Department of Fish and Game to Offset Direct Fishduring May through July; however, it is unknown how of-
Lossesin Relation to the Harvey O. Banks DeltaPumpingten this will occur.
Plant." This agreement, described in Chapter 1, provides
for money, ecological studies, and operational changes toPreferred Alternative. The preferred alternative would
offset losses to fish. generally improve conditions for striped bass during

spawning and during periods of young striped bass abun-
No-Action Alternative. Engineering studies indicate thatdance, as summarized in Table 5-23.
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Table 5-23
Preferred Alternative Benefits for Striped Bass

(Compared to the No-Action Alternative)

No. of Striped Bass Reverse Water Quality Delta SWP Delta Cross
Yearling Equivalent Flow for Spawning Outflow Exports Channel Flow

22% reductiion in fish losses; No significant 10% improvement No significant14% reduc- No significant
average annual saving of 156,261change; May- for April-May. change for tion over change for
fish, based on years 1980 throughJune = less April, May May-July May, June,
1987 (see Table 5-26) reverse flow; June, July period. July.

Aug-Nov =
greater reverse
flow.

Table 5-19 indicates that under the preferred alternative,Table 5-21 also contains projected April through June
Decision 1485 standards for striped bass spawning at Pris-Delta outflows past Chipps Island. Delta outflows during
oners Point would be met for all years. The preferred al- this period would not be significantly changed under the
ternative would substantially improve water quality at An- preferred alternative; therefore, the location of the en-
tioch in the representative critical year and dry years. It is trapment zone probably would not change.
therefore anticipated that the preferred alternative would
benefit striped bass spawning in critical and dry years, andTable 5-22 indicates that the preferred alternative would

not significantly change the amount or proportion of wa-cause little or no impact in other water-year types.
ter leaving the Sacramento River via Georgiana Slough

Table 5-20 shows that under the preferred alternative,and the Delta Cross Channel. It is not anticipated that the

flows in the lower San Joaquin River from May through preferred alternative would cause any significant adverse

July would tend to be somewhat higher than for the no-impacts to striped bass attributable to increased diversion

action alternative. Reverse flows in the representative into the central Delta.

critical year during this period would still occur and atThe preferred alternative, as well as the other alterna-
about the same magnitude. However, during Augusttives, has the advantage over the no-action alternative in
through November, the preferred alternative would that pumping directly out of Italian Slough would be pos-
cause increased reverse flows in all water-year types. The sible. Pumping out of Italian Slough avoids losses to fishpreferred alternative thus would have some benefits infrom predation in Clifton Court Forebay.
the vital spring to early summer months, but would prob-
ably lead to increased movement of young striped bassOtherAIternat&es. The other alternatives--Northern In-
into the central Delta during August through November. take with Barrier Configuration A, Northern Intake with

expected improved Joaquin Barrier Configuration B, the Enlarged Forebay-HighwayIt is that the lowerSan River
flows during May through July would cause a net decrease4 Intake with Barrier Configuration B (all with and with-
in movement of young striped bass into the central Deltaout CVP tie-in), and the Enlarged Forebay-North Victo-
since their abundance is highest during this period, ria Intake with Barrier C~nfiguration B and CVP tie=in--

would improve conditions affecting bass spawning and the
Table 5-21 indicates that under the preferred alternative,abundance of bass similar to the preferred alternative.
projected SWP pumping during May through July wouldThe other alternatives assume the same SWP diversions
either remain essentially unchanged or be reduced. Theand Delta outflows as would occur under the preferred al-
largest reductions would occur in July of each of the fiveternative and engineering studies show that similar salini-
representative years. It is thus anticipated that the pre-ties in the west Delta would result.
ferred alternative can be beneficial and will have no sig-
nificant adverse general impact due to SWP diversions asSalinities in the west Delta during spawning would ira-
compared to the no-action alternative. Direct striped bassprove as in the preferred alternative, except for the alter-
losses are further discussed later in this chapter undernatives Northern Intake with Barrier Configuration A -
"Direct Impact of the Delta Complex on Striped Bass, In- with and without a CVP tie-in, which show a more modest
cluding Eggs and Larvae." reduction in salinity (Table 5-19). Under the other alter-
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natives, young bass entrainment into the interior DeltaMost repeat spawners in the Sacramento River system
would probably decrease from May through July but thenprobably home to the tributary where they have spawned
increase from August through. November. It is expected previously. Sampling of American shad eggs with nets set
that the improved lower San Joaquin River flows duringin the Feather River indicates that spawning occurs pre-
May through July would cause a net decrease in entrain-dominantly from May to July at temperatures of 63° to
ment of young striped bass similar to that caused by the75° Fahrenheit.
preferred alternative.

In wet years, young shad are less likely to use the Sacra-
General Impacts on American Shad mento River and more likely to use the north Delta than

in dry years. This difference probably reflects the trans-
American shad were first introduced into the Sacramen- port of young fish by river flow and suggests that annual-

to-San Joaquin River System in 1871, when the systemflow differences cause the precise location of major con-
was still largely in its native state. The initial plant ofcentrations of fish to vary.

about 10,000 young-of-the-year was followed by addi-
tional plantings, totaling 819,000 young fish from 1873 toFood habits of juvenile American shad in California are

1881. not well known. Neomysis, copepods, larval fish and Coro-
phium sp. are probably the primary food preferences.

The American shad population exploded and soon sup-Abundance of young American shad in the Sacramento-
ported a maior commercial gill net fishery in the estuarySan Joaquin estuary varies annually by more than an order
duringthe spawningruns. Americanshadwere soldin of magnitude, and the strongest year classes occur in the
San Francisco markets by 1879. Catches regularly exceed-years with the highest river flows during the spawning and
ed 1 million pounds from 1900 to 1945; about 5.6 millionnursery period. Flows during April--June appear to be
pounds were taken in 1917. After 1945 the fishery dimin-most important in explaining year-to-year variation in
ished, and in 1957 it was terminated by legislation due toabundance. Table 5-24 provides the estimated average
public concern about the impact of the gill nets on stripedmonthly Delta outflows from January through June for
bass. the no-action, preferred, and other alternatives.

Shad are anadromous, living primarily in the Bay andYoung American shad are vulnerable to diversion by the
ocean as adults but using fresh water for spawning andState and federal pumping plants in the south Delta. Ju-
nursery grounds. Historically, shad spawned throughoutvenile shad spawned in the south Delta and Mokelumne
Delta fresh waters and upstream into both the Sacramen-River channels would be drawn to the pumps as larvae and
to and San Joaquin rivers, but spawning has declined innewly metamorphosed small fish, whereas Sacramento
the San Joaquin system, leaving the north Delta and Sac-system juveniles tend to be drawn through the Delta
ramento system upstream from Hood as the primaryCross Channel and across the Delta during their down-
spawning areas, stream migration. From 1968 through 1985, American

shad have been the third most common fish at the SWP
River flow may affect the distribution of American shad screen, with annual recoveries as high as 3 million. In
on their initial spawning runs in the Sacramento River sys-1967, CVP recoveries exce.eded 8 million.
tem. The percentage of the runs formed by virgins in the
American, Yuba, and mainstream Sacramento riversNo-ActionAlternat&e. Under theno-actionalternative, it
tends to increase with the contribution of a stream to theis expected that American shad populations will be similar
flow immediately downstream from its confluence with to those currently found. Delta exports will increase, re-
adjacent river branches. The Feather River may not ex- suiting in some increase in American shad loss, but Delta
hint this tendency because of a longer residence periodoutflow and entrainment losses associated with cross-
for young fish in the Feather River, allowing them to be-Delta flows should remain similar to current conditions.
come imprinted for homing on their maiden returns.

PreferredAlternat&e. Under the preferred alternative, it is
The shad fishery is affected by the distribution of adultnot expected that the American shad population will be
fish. Hence, low spring flows in the most accessible tribu-significantly affected. Table 5-24 shows that Delta out-
taries, the American, Feather, and Yuba rivers, not onlyflow would tend to decrease from the no-action alterna-
reduce their shad runs, but also angling opportunities, tive in April an average of 3.4%, remain the same in May,
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Table 5-24
Average Late Winter And Spring Monthly Delta Outflows

Over The 57-year Study Period By Year Type
(in cubic feet per second)

Year Type       Alternative     Jan        Feb        Mar Apr May Jun

Critical No-Action    4,877 5,825 5,347 5,521 4,639 3,935
~~~ ~..5. ~!99__. _~ ............5~_0~ ~ ........ 5,099 5,357 4,639 4,019

Other 5,109 5,400 5,099 5,357 4,639 4,019

Dry No-Action 10,532 15,833 11,962 8,250 7,579 6,262

Other 9,573 14,610 10,854 8,062 7,579 6,262

Below Normal No-Action 11,89X 29,305 21,321 9,114 9,685 8,433
~.f_e._:~e_d .... !!,70-2-~.~ i ....._-.2%983 .~20~014 8,784 9,6.8,.5 8,433.
Other      11,702     27,983      20,014 8,784 9,685 8,433

Above Normal No-Action 16,259 34,388 41,852 23,012 16,423 11,503
j3~,_062 39~92 20,8’1’7 16,~.2_~ 11,503

Other 14,442     34,062       39,992 20,817 16,421 11,503

Wet No-Action 78,687 79,439 57,431 44,873 30,923 20,555
[P~:eferred 77,3~ ......~7~53-0 .....55,675 44;067 ......... 30~9~4 20,555

Other 77,333 78,530 55,675 44,067 30,924 20,555

All Years No-Action _33~_700 . _4.~1~2~9. ,~. ...... 33,076 22~16 16,869 12,000
ISk~eferred 32,76! 40,383 ........ 31,705 22,048 16,~g69 12~012"

Other 32,761 40,383 31,705 22,048 16,869 /2,012
Percent Change ~~--~)Li!.~?~ ~ii-4,! -3.4 0~ 0.! ~
From No-Action Other      -2.8 -2.1 -4.1 -3.4 0 0.1

and slightly increase in June. Hence,- the one factorder the preferred alternative,the other alternatives are
known to be associated with the year-to-year variability inexpected to have little or no impact upon American shad
American shad abundance only slightly changes from thepopulations as would the preferred alternative.
no-action alternative.

General Impacts on Sturgeon
It is expected that entrainment losses due to cross-DeltaBoth white and green sturgeon are found in the estuary.
flows will not significantly change under the preferred al- The habits of the two species are similar in that they are

both anadromous, but less is known about the green stur-ternativesincecross-Deltaflows will not change(see
Table 5-15). Direct losses of American shad will probablygeon, which is less common than the white sturgeon and
increase due to increased winter SWP diversions. Tableoften undertakes coastal migrations to estuaries in Ore-
5-28 shows that under the preferred alternative, salvage and Washington. Because white sturgeon larg-gon grow
of American shad at Skinner Fish Facility will increaseer, are more abundant, and spend a greater portion of
3.7%. Fish loss and salvaged are positively related, buttheir lives in the estuary, they are more important as a
the relationship for American shad is unknown. Howev=sport fish. In 1984, the legal-sized (over 40 inches) white
er, since the estimated increase in American shad salvagesturgeon population was estimated at 140,000 and was the
is small, the increase in American shad losses is expectedtarget of an increasingly popular sport fishery.
to also be small.

Tag returns from adult white sturgeon indicate they pri-
Other Alternatives. Since Delta outflow, SWP diversions, marily inhabit the lower estuary. In late winter and
and cross-Delta flows are very similar or the same as un-spring--primarily in March and April--some sturgeon
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(mostly white) migrate to the Sacramento River betweenthat sturgeon production benefits from high levels of out-
Knights Landing and Hamilton City for spawning. After flow, the mechanism(s) behind this possible relationship
spawning, adults move back downstream. Sturgeon eggshas not been determined.
become adhesive after being fertilized and adhere to
vegetation and rocks. They generally hatch in five to tenNo-Action Alternative. Under the no-action alternative, it

days. The nursery area is apparently formed both by theits expected that white and green sturgeon populations

river near and below the spawning area and by the Deltawill be similar to those currently found. Delta exports will

and bays downstream. The timing and size at which youngincrease, resulting in some increase in white and green
sturgeon move downstream are not well understood,sturgeon losses, but Delta outflows should remain similar
Some newly hatched young have been collected down-to current conditions.
stream in the Delta and Suisun Bay in years with high
runoff, but they are scarce ,there in years of low runoff. Preferred Alternative. Current understanding of sturgeon

biology is too limited to make reliable assessments of proj-
Neomysis and Corophium make up most of the food of ju-     ect impacts. However, it appears that the preferred alter-

native is unlikely to have any major impacts to sturgeonvenile sturgeon in the Delta. Larger sturgeon feed pri-
marily on small crabs, bay shrimp, clams, and small fish.and it is not expected that the white and green sturgeon

populations will significantly change. As shown in table

There is little knowledge of factors controlling the abun- 5-24, Delta outflow in the late winter and spring will tend

dance of sturgeonin either the Bay-Delta area or the oth-to decrease, but on the average only 2 to 4%. This de-

er river systems of the west coast. San Pablo Bay, an im-crease is not expected to result in significant decreases in

portant feeding area in the fall and winter, is character- white and green sturgeon populations. Under the pre-

ized by salinities ranging from 6,000 to 16,000 rag/1 TDSferred alternative, late March and April flows in the
this period, depending upon outflow. White stur- Feather River would increase in the dry and below normalduring

geon also frequent San Francisco Bay, where surface sa-years, perhaps encouraging more sturgeon to migrate up

linities may range from 11,000 to 31,000 mg/1TDS. Thethe Feather River instead of the Sacramento River.

principal sharedfeaturesof these importantsturgeon Direct losses of white and green sturgeon will probably in-
feeding areas appears to be the broad mudflats supportingcrease due to increased winter SWP diversions. Tablelarge populations of invertebrates. 5-28 shows that under the preferred alternative, the esti-

matedsalvage of white sturgeon at Skinner Fish FacilityEnvironmental factors, such as photo-period, tempera-will increase 0.3% while the estimated salvage of greenture, and heavy winter and spring flows, could be impor-
tant stimuli for sturgeon spawning. Because yolk sac lar-sturgeon will increase 5.8%. Fish loss and salvaged are

positively related, but the relationship for white and green
vae havenegligibleswimmingcapabilities,theyareprob-
ably susceptible to removal by water diversions. Earlysturgeon is unknown. However, since the estimated in-

transport to the Delta depends on river flows, but the ira- crease in white and green sturgeon salvage is small, the
of early transport to the overall production of    increase in direct white and green sturgeon losses is ex-portance

young is unknown. Juvenile sturgeon in the estuary de-pected to also be small.

pend on adequate populations of Neomysis and Coro-Other Alternatives. Since Delta outflow and SWP diver-
phium for food. Therefore,optimumconditionsfor these sions are the same as under the preferred alternative, the
invertebrates, particularly Neomysis, will likely enhanceother alternatives are expected to have little or no impact
survival and growth of both young-of-the-year and juve-upon white and green sturgeon populations as would the
niles, preferred alternative.

White sturgeon year class strength in the Sacramento Riv-General Impacts on Resident Fishes
er-San Joaquin River estuary may be partially determined
by the levels of fresh water outflow in late winter and Resident fishes are nonmigratory species, which spend
spring, their entire lives in the Delta and Suisun Bay during high

flows. Three families of fishes dominate the Delta’s resi-
Also, the year classes produced in the wet years 1982 anddent fish assemblages: centrarchid, cyprinid, and ictalurid.
1983 produced above normal numbers of juveniles, as in-Delta smelt, while not a member of these families, occur
dicated by DFG trawl surveys. Although there is evidence in significant numbers.
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The centrarchid family is composed of the black basses and any other catfish species in the Delta. White catfish are
various sunfishes. They are all introduced species, exceptcarnivorous bottom feeders, consuming aquatic crusta-
for the Sacramento perch, which is native to the Deltabutceans, mollusks, insects, and fish; amphipods andneomysis
rarely caught, according to recent extensive DFG surveys,are the most important food items for both juveniles and

adults. White catfish spawn in the summer when water
temperatures exceed 70° F. The female uses her fins to

the abundant of the black basses fan shallow in the thenLargemouthbass, most out a nestdepression substrate;
in the Delta, are solitary carnivores whose adult diet con-the breeding pair spawns and the adhesive eggs settle and
sists mainly of other fish species and crayfish, along withstick to each other, forming an egg mass. One or both par-
secondary amounts of insects and small quantities of vari-ents guard the eggs and the hatched young for a few weeks
ous larger species of zooplankton. Largemouth bassuntil the young disperse in schools.
spawn in spring when water temperatures rise above 57 to
61 °F and continue to spawn through June temperaturesAlthough channel catfish and brown and black bullheads

up to 75 °E Largemouth bass build nests in shallow waterare much less abundant than white catfish, they have simi-

near submerged objects though not in colonial aggrega-lar breeding behavior and food preferences, with the ex-

tions as do other sunfishes, ception that channel catfish probably consume more cray-
fish, clams, and fish than do the other species.

Sunfish species are also opportunistic carnivores, feedingThe Delta smelt (Hypomesus transpacificus) is a candi-on insects, aquatic crustaceans, snails, clams, and fish (to adate species for listing by the California Fish and Game
lesser extent than largemouth bass). Bluegill also con-Commission. This small (maximum size of 2 to 3 inches)sume significant amounts of aquatic vegetation. Most arefish is native to the Sacramento-San Joaquin Delta and
solitary feeders as adults with the exceptions of white andSuisun Bay and is not found in other estuarine systems.
black crappie and bluegill, which form schools. They allSince 1983, the smelt population has remained at consis-
spawn in shallow water during spring and summer whentently low levels as compared to the 1967 through 1983 pe-temperatures reach 57 ° to 75 ° E Their spawning behav- riod. Although little is known about this fish’s environ-ior is roughly similar that of the largemouth bass; they
build nests near submerged objects or aquatic vegetation,mental requirements, its one-year life span makes it vul-

nerable to extinction.Except for the warmouth, they tend to form nesting colo-
nies. Their eggs are adhesive and sink, attaching to theFactors controlling Delta smelt abundance may be similar
substrate. After the young hatch, they are guarded for ato those for survival of larval striped bass. Possible tea-
while, after which they disperse to the shallows, sons for the decline in Delta smelt include inadequate

food supply and entrainment. There is some belief that
A second group is the cyprinid or minnow family, which spring outflows may be important to Delta smelt abun-
includes five native species. However, the most abundantdance since certain Delta outflows maintain the entrap-
cyprinids are introduced species: carp, goldfish, and gold-ment zone in Suisun Bay. The location of the entrapment
en shiner. The splittail is the native minnow of specialzone is believed to be a factor of food supply for juvenile
concern because its distribution is currently restricted toand adult fish. Unlike striped bass however, it is believed
the Sacramento-San Joaquin estuary. Throughout mostthat both high and low Delta outflows could be detrimen-
of the year, splittail are most abundant in the north andtal Delta smelt survival. An locationto entrapmentzone
west Delta in association with other native species. They in San Pablo Bay under high Delta outflows does not pro-
can also be found much of the year in Suisun Bay, year-vide suitable habitat for Delta smelt.
round in the sloughs of the Suisun and Napa marshes, and
in upper San Pablo Bay and Carquinez Strait during highGiven the small amount of information available regard-
spring flows. In the spring they are abundant in the easting Delta smelt, it is difficult to assess impacts of the
Delta, where they congregate in dead-end sloughs, prob-SDWMP on their abundance. The incremental impacts of
ably to spawn over beds of aquatic or flooded terrestrial the SDWMP should be minimal since April through June
vegetation, conditions (outflow, reverse flows, diversion through the

Delta Cross Channel, CVP and SWP pumping) change
The third dominant group is the ictalurid or catfish family, little from the no-action alternative. (See "General Ira-
all of which are introduced. White catfish, the most abun- pacts on Striped Bass.") SDWMP causes some shifting of
dant, are more than 35 times as abundant, on average, asSWP exports from spring to winter. This shift should re-
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duce entrainment losses at Banks Pumping Plant sincē Dead-end sloughs, oxbows, channels behind berm
May and June Delta smelt salvage totals are typically islands, and small embayments had the highest densi-
higher than those occurring in winter months. There is ties of fish and variety of species.
currently no way to quantify the benefits of this potential
improvement since the information needed to translateTogether, these findings suggest that generally the most

Delta smelt salvage numbers into losses (that is, screen el-favorable condition for resident fish in the Delta is a di-

ficiency, handling and hauling losses, and losses in Cliftonverse environment consisting of a highly vegetated shore-

Court Forebay) is unavailable, line with ample backwater and shallow areas.

The white catfish is of special concern because of its popu-
Sunfishes, catfish, and bass--the principal resident game-larity in sport fishing, and because many young-of-the-
fish of the Delta--support an important recreational fish-year are carried past the screens into the export canals.
ery and are, respectively, the second, third, and fourthThe abundance of white catfish at the screens is greatest
most commonly caught groups of gamefish in the State.from May through August.
White catfish are probably the resident gamefish most of-
ten caught in the Delta. Largemouth bass are a majorA DFG tagging study of white catfish shows them to be
gamefish throughout the State, and in recent years largemost abundant in the south Delta, somewhat less abun-
fishing tournaments have been organized expressly fordant in the central and east Delta, and least abundant in
them. The harvest rate for bass in the Delta (29 percent) the north and west Delta. The white catfish population
is somewhat lower than in fresh water reservoirs (50 per- for the entire Delta is an estimated 4.5 million. No infor-
cent), but it is still substantial, indicating the existence ofmarion on abundance is available for white catfish prior to
an important and thriving largemouth bass sport fishery,operation of the CVP and SWP; therefore, effects of the

projects on their abundance are difficult to determine.
Although they are not commonly sought by anglers, theThe distribution of white catfish now approximates that
nongame fish of the Delta still fulfill important roles, found in the early 1960’s before SWP exports began;
Some serve as forage for gamefish, while others competetherefore, changes in flow patterns induced by export op-
with or prey on gamefish. Each of the native resident non- erations and recent local diversions appear not to have af-
game fish has intrinsic ecological value, and in general,fected white catfish distribution.
our knowledge of their life histories, population dynam-
ics, and role in the community ecology of the Delta is lira-No--action Alternative. Operation of the projects has af-

ited. There formerly was a small commercial fishery for fected resident fish by: 1) altering flow patterns, which de-

splittail, while another Delta native, the Sacramentotermine net channel velocities and distribution; 2) salinity

blackfish, is still harvested commercially from Clear Lake. control, which has influenced salinity levels and the abun-

Both species have some potential for aquaculture, dance and distribution of food organisms; and 3) entrain-
ing fish at export facilities.

Of these effects, only entrainment and losses can be ana-DFGhasrecentlycompleteda studyof abundance,distri-
bution, and habitat preferences of resident fish in the Del-lyzed with present knowledge. Salinity control probably
ta. The following findings of this study are relevant to hasbeenbeneficialforresident fish that prefer a fresh wa-
assessments of the impacts of the SDWMP: ter environment.

¯ Riprap banks are favorable habitat for only a few of Under the no-action alternative, losses of young white
the less desirable resident fish species in the Delta. catfish from the Delta will increase as exports increase, as

¯ Instream vegetation is favorable for largemouth bass, will losses of most resident fish. The relationship between

white catfish, and redear sunfish, three of the most screen losses and total Delta population is not known.

recreationallyimportantresidentfishes. Preferred Alternative. Under the preferred alternative,
¯ Transport and nontransport channels differ in theirsummer exports would belower, with some overall reduc-

species assemblages. Whereas catfish and black tion in screen exposure. Some increases in fish entrain-
crappie were among those fish abundant in nontrans-ment into Clifton Court Forebay could be expected from
port channels, largemouth bass and redear sunfish winter export increases, but salvage records show very
were more abundant in transport channels, low levels of entrainment during these months for most
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resident fish species. Therefore, overall impacts on resi-effect relationship of export pumping, and the uncertainty
dent fish are expected to be reduced. (See "Direct Im-of the mathematical models in projecting abundance lev-
pacts of the Delta Complex on Other Fish Species.") els.

The preferred alternative would improve shallow water Invertebrates. Numerous invertebrate species of
levels, improve circulation and overall water quality,zooplankton (animals drifting in the water column or with
move the Clifton Court Forebay Intake north into deeper,limited swimming capacity) and zoobenthos (animals liv-
wider channels, and reduce the impact of exports on theing on or in the substrate) inhabit the estuary. Both are
south Delta channels. This would likely benefit most resi-important as food for many fish, including the juveniles of
dent fish. many gamefish.

Other Alternatives. All alternatives use the same monthly High crustacean zooplankton abundance (copepods and

export rates as the preferred alternative. Therefore, im- cladocerans) is associated with low salinities, high chloro-
pacts would be similar to those identified for the preferredphyll (a phytoplankton), and low net velocities in Delta

alternative. Overall effects on resident fish are expected channels. Copepods are also associated with high salini-
to be reduced, ties. Zooplankton populations are highest during sum-

mer. The opossum shrimp, Neomysis mercedis, an impor-
Overview of Fish Food Supply Impacts rant part of the estuary’s food web, is a food of young

striped bass. Normally, more than 60 percent of the Neo-
The food web for fish consists of phytoplankton (algae),mysis population of the estuary is found in the Suisun Bay
invertebrates, vertebrates, and detritus. The food web isarea, with much of the remainder found in the west Delta.
dynamic; one organism feeds on another, and one foodSince the 1976-1977 drought, Neomysis populations in
source is replaced by another with changes in season andSuisun Bay have partially responded to the increased Del-
the abundance and distribution of the food supply. Condi-ta outflows that have occurred in recent wet years. How-
tions that affect abundance and distribution of one link inever, outflows from 1978 to 1981 have had little positive
the food web can affect the entire food web. effect on Neomysis in the San Joaquin River.

In the Sacramento-San Joaquin Delta, daily and season-Two amphipods, Corophium stimsoni and Corophium spi-
al changes in fresh and sea water, tides, winds, and cur-nicorne, are important constituents of Delta zoobenthos.
rents interact with the food web. The complex interac- They are the principal food for sturgeon, white and chan-
tionofthese factors with the food web is difficult tounder- nel catfish, tule perch, and small black crappie, and are
stand; hence, how the SDWMP may impact food suppliesalso the second most important food of young striped bass.
is mainly unknown. Other abundant benthic organisms are the Asiatic clam,

tendipedid larvae, oligochaete worms, and crayfish. All
Phytoplankton. The abundance of phytoplankton is af- are eaten by Delta fish, but none is as important as Coro-
fected by many interacting factors, including light pene-phium.
tration, residence time, water temperature, salinities, nu-
trients, and grazing by invertebrates. Attempts have beenImportant elements of the Interagency Ecological Study

made to develop mathematical models for evaluatingProgram for the Sacramento-San Joaquin Estuary are:
phytoplankton levels in the Delta and Suisun Bay region.̄ monitoringthe abundanceof Neomysisand other
Each model calculation uses input describing interrela- zooplankton in the Delta and Suisun Bay.
tionships among the physical, chemical, and biological
factors that affect phytoplankton. Some of these inputs̄ analyzing factors affecting their abundance.

are channel geometry, flow distribution, dispersive trans-The analysis has focused on Neomysis because of its im-
port characteristics, water quality variables, waste dis-portance and because a larger data base is available.
charges, biological kinetic parameters such as
phytoplankton growth rates, and physical parameters.DFG biologists have developed a multiple regression for
Currently, the models are not sufficiently well developedcalculating a Neomysis abundance index that explains
to predict changes from water project operation.’ about 96 percent of the Neomysis abundance during the

medium- and low-flow years 1972 to 1981. However, in
Impacts on phytoplankton are unknown for the project al- the very high-flow year of 1983, the predictions were
ternatives because of lack of knowledge of the cause-and-much higher than the levels observed. The multiple re-

157

C--041 405
(3-041405



gression parameters and their importance are shown inUnder the no-action alternative, the pattern of exports
Table 5-25. will not change. The extent of the effect of these exports

on invertebrates is not clear. Water export diversions are
the least important of four factors affecting overall Neo-

Table 5-25 mysis abundance.
Characteristics of Regression
of Neomysis Abundance Index Preferred Alternative. Exports under this alternative are

reduced from May through August and increased for the
Percentage of remaining months. This change in the timing of exports

Variable Variance Explained should be beneficial to Neomysis. With reduced exports

Salinity 71.3 during the summer, incremental effects on tidal flows and

Abundance of Eurytemora 21.4 velocities in Delta channels should not be adverse.

Chlorophyll a 3.4 Other Alternatives. Average monthly exports for other al-
Water Diversions 1.5 ternatives are the same as for the preferred alternative.

Impacts to invertebrates are expected to be the same as
underthepreferredalternative.

Invertebrates can be impacted not only by natural means
and water diversion projects but also by the introductionOverview of Direct Impacts
of non-native species through ballast water dischargedof tile Delta Complex on Fish
from ships. Each native species has its own place in the
food web. The appearance of non-native species can dis-Direct impacts of the Delta Complex on fish cannot be

rupt the food web to an extent that the normal food supplyclosely correlated to overall Bay-Delta fish impacts be-

of many species is depleted. Figure 5-22 shows the meancause of a lack of information on losses that normally oc-

March to November abundance of Eurytemora, SinocaIa- cur during all life cycle stages. Direct impacts are only one

nus~_ and Pseudociaptomus from 1972 to 1989. Eurytemora component of an overall assessment. The previous gener-

is a native species and the principal food for the youngestal impact assessment for overall fish impacts was made

striped bass. Sinocalanus and Pseudociaptomus are recentqualitatively and considered direct impacts.

introductions. Direct impacts are considered to begin when SWP diver-
sions entrain fish into Clil’ton Court Forebay. Fish more

The following assessment of effects of the alternative op- than about 1 inch long are subject to screening from the
erational plans on aquatic invertebrates is based on pres-export water at the John E. Skinner Delta Fish Protective
ent knowledge of their abundance and distribution, and ofFacility and are captured, transported, and released back
the effects of water project operation, to the west Delta, generally beyond the influence of the

project diversions. Fish too small to be screened, such as
No-Action Alternative. Aquatic invertebrates are affected eggs and larvae of striped bass, and fish not effectively

outflows, salinities, and tid- screened pass into the California Aqueduct with the ex-by water diversions byaltering
al flows and velocities in Delta channels. Flows in Deltaport water.
channels are affected by operation of the Delta CrossThose fish not diverted by the primary louvers either die
Channelgates.Somegeneraleffects follow: passing through the pumping plants or survive in the

aqueduct system and reservoirs. A substantial fishery is¯ Project operations reduce fresh water zooplankton in supported by the aqueduct and reservoir system and is anthe reach of the San Joaquin River below the
acknowledged benefit. The fishery is a combination ofMokelumne River by introducing Sacramento River stocked fish and fish exported from the Delta.

water with low plankton densities into this area.

¯ Salts drawn into this reach of the San Joaquin RiverDirect Losses of Eggs, Larvae, and Juvenile

by pumping tend to depress fresh water plankton andStriped Bass due to SWP Pumping
increase the abundance of brackish water species,

Pumping from the south Delta by the SWP results in theespecially Eurytemora, a copepod. Neomysis graze on
Eurytemora. direct loss of striped bass and other fish due to entrain-

ment, predation, handling, and hauling. This section de-
¯ Pumping entrains aquatic invertebrates, scribes analyses related to the potential impacts of con-
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Figure 5-22. Mean March to November Abundance of Eurytemora, Sinocalanus, and Pseudodiaptomus
from 1972 to 1989
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Figure 5-23. Schematic Diagram of the John E. Skinner Fish Protective Facility

I     structing and operating South Delta facilities on these    these losses. Figure 5-23 is a schematic diagram of the

losses. Skinner Fish Facility.

I discussing analyses themselves, mayhelp- enter Forebay through the radial gates which areBefore tile it be Fish the
ful to provide a brief background on how losses occur atopened periodically near high tide to maintain water lev-
the facility and what has been done to minimize or offsetels in the 31,000-AF regulatory reservoir. Some preda-
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tion occurs as the fish move across the Forebay to the Ca-mate the numbers of striped bass lost directly due to oper-
nal intake. A set of primary louvers guides fish to bypassesation of the Delta pumps. DFG made the first calculation
leading to secondary screening systems. These devicesof total direct losses in establishing the method for calcu-
separate fish from water and move the screened fish intolating losses for chinook salmon, striped bass, and steel-
holding tanks. Efficiency of the screening process de-head trout as called for in the DWR/DFG Delta Pumping
pends on such factors as channel velocity and fish size.Plant Mitigation Agreement.
Fish going through the louvers into the aqueduct are lost
to the Bay/Delta but do help support extensive fishery inThe calculation procedures have been converted into a
the aqueduct and project reservoirs, machine language model format. A detailed description

of the model is found in Appendix G. The model uses theThe holding tanks are used to collect and count fish.salvage data and assumed values for handling and hauling
When enough fish have accumulated in the tanks, theyand predation losses in the forebay. The model maximizes
are transferred to fish hauling trucks and transported toscreen efficiency by selecting the number of bays needed
the Sacramento River for release at locations away from to provide near optimum channel velocities. Actualthe draft of the pumps. Losses of striped bass occur in thescreening efficiency is calculated as a function of channel
holding tanks and in the transport trucks, velocity and fish length. All fish losses are reported in
Over the years, but especially in 1982 and 1983, changes interms of yearling equivalents using survival data devel-
facilities and operations have been made to increase theoped by DFG. Figure 5-24 shows the annual cycle of
efficiency of fish protective measures at the facility, striped bass salvage, in yearling equivalents, during the
Amongthese measures are: period 1979 through 1987. There are several assumptions

and data inputs required to use this model in calculating
¯ establishing velocity and bypass ratio operational cri-fish losses and to evaluate impacts of new facilities and op-

teria to maximize screening efficiency (these criteria erations. A brief review of the assumptions and data sets
are different for chinook salmon and striped bass); will help in interpreting analytical results.

¯ opening more channels and installing center dividers
in all channels to improve striped bass screening effi-̄ Assumptions

ciency; -- The density of striped bass entering Clifton Court

¯ adding a new perforated plate secondary system to im- Forebay in the future will be similar to densities

prove screening efficiency in the secondary and to al- which occurred during the 1979-1987 period. Under

low for better velocity control in the primary louvers; this assumption, more pumping means proportionally
more fish enter the forebay.

¯ rescreening holding tanks with finer mesh to reduce
losses in the tanks; and --Predation losses in an enlarged Clifton Court

¯ reducing hauling-related stress through better aera- Forebay would not differ significantly from those oc-

tion and the addition of small amounts of salts to the curring in the present forebay. DWR believes that an

water, enlarged forebay should help young striped bass es-
cape from predators thus decreasing predation loss;

In addition, DWR is proceeding with the construction of however, the loss model does not take this into ac-
three more holding tanks, which will be used to reduce count.
velocities in the tanks (and reduce losses), help make bet-̄ Data Sets
ter use of both secondaries, and help improve the accura-
cy of the counts of salvaged fish. --The 1979-1987Salvage Data. Information from this

period provides the most reliable estimates of num-
The daily fish salvage counts have been used in conjunc- her of fish salvaged. Even with these data, daily sal-
tion with estimates of screen efficiency, handing, hauling vage numbers have errors of-l- 50 to 100 percent, de-
losses, and losses through Clifton Court Forebay to esti- pending on the total number salvaged.
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Figure 5-24 ¯

Annual Cycle of Striped Bass Salvage in Yearling Equivalents
Various Years from 1979 through 1986
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--Screen Efficiency. Efficiencies are based on the losses for the no-action and preferred alternatives.
DFG/DWR evaluations conducted in the late 1960sPumping rates were those from average dry, wet, and criti-
and do not reflect changes made in the 1980s whichcal years pumping from the 57-year period in operations
probably led to improved efficiency. Improved screen studies.
efficiency may cause the currently-used relationship
between salvage and loss to overestimate current di-As an example of the use of this method, wateryear 1980,
rect losses. However, the use of this model for acom- a dry year, is discussed. During 1980, the historic average-
parison of how the preferred SDWMP alternative va- monthly pumping rates are known, as is the striped bass
ries from the no-action alternative with respect to di- salvage for those months. The model recalculates the sal-
rect striped bass losses is considered adequate, vage based on the change in pumping. If pumping were to

average 3,000 cfs in May and salvage were 100,000 yearling
--Handling and Hauling Losses. These loss rates are striped bass equivalents, a pumping rate of 1,500 cfs in the

DFG and are based on recent studies, base case would result in a salvage of 50,000 equivalents.providedby
The extent to which pumping was shifted away from peak

--Predation Losses. The model uses the relation be- periods of striped bass abundance would determine
tween size and percent lost (Figure 5-25) as devel-whether or not there would be a significant change in total
oped by DFG to calculate losses due to predation instriped bass losses.
Clifton Court Forebay. DWR and DFG are presently
developing studies which should help provide more

into this important factor. Predation losses in Table 5-26 is a comparison of estimated striped bass lossesinsight
the forebay are a major concern, and studies aimedusing the no-action and preferred alternatives’ pumping

scenarios for the eight water years examined. Althoughat reducing losses are currently being conducted un-
der the Article VII negotiations, there was considerable variation in annual losses, the cal-

culations indicate that the preferred alternative would re-
Actual striped bass losses during the water years fromsult in significantly fewer striped bass lost as compared to
1980 through 1987 were used as the basis for calculatingthe no-action alternative. This reduction was due to some

Table 5-26. Comparison of Calculated Losses of
shifting of pumping from spring to winter months.

Striped Bass Yearling Equivalents During the
1980--1987 Water Years Under the As described elsewhere in this report, in 1986 DWR

No-Action and Preferred Alternatives signed an agreement with DFG to offset the direct losses
of striped bass, chinook salmon, and steelhead rainbow

I I Yearlin~ Eauivi’ents Lost trout at the intake to the California Aqueduct. Under
Water Year Classification N°-Acti~n2 Preferreda terms of this agreement, DWR is implementing programs

1980 Dry 525,165 500,781 that result in increased numbers of yearling striped bass in
1981 Dry 1,429,079 550,904 the Bay/Delta.
1982 Wet 332,847 341,074
1983 Wet 208,362 239~333 Projects approved to date include purchase of hatchery1984 Wet1 707,168 607,614
1985 Dry 418,686 ~35,575

striped bass, growing wild fish salvaged at the screens to

Wet1 1,043,451 860,305 yearling size, and screening a diversion in Suisun Marsh.1986
1987 Critical 1.003.416 882.499 To the extent that the decline in striped bass abundance is

Total 5,668,174 4,418,085 due to the physical process of entrainment (and not to
changes in habitat), significant increases in the number of

ISubnormal snowmelt, yearlings should result in an increase in numbers of23.3 MAF SWP demands--Operation Study 340B.
adults. Early results indicate that yearlings planted in the33.3 MAF SWP demands--with proposed south

Delta Facilities--Operation Study 327B. Suisun-San Pablo Bay area are experiencing good survival
to adults.
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Figure 5-25. DFG’s Estimated Loss Rate for Juvenile Striped Bass in Clifton Court Forebay
due to Predation and Other Factors

Direct Impacts of the Delta Complex fish being salvaged are from the fall run given the relative
on Chinook Salmon size of the four salmon runs. Also, it is likely that most of

the fish are from the San Joaquin system, although the ex-
The fish loss model described previously for striped bassact breakdown varies annually and seasonally.
was used to compare projected Chinook salmon losses un-
der the no-action and preferred alternatives. As with As shown in Table 5-27 the preferred alternative resulted

striped bass, the model uses salvage numbers and systemin slightly greater calculated Chinook salmon losses as
losses (trucking, handling, losses through louvers andcompared to the no-action alternative. Considering the
predation in Clifton Court Forebay) to calculate total fish degree of accuracy of the assumptions involved in the
losses. A major difference in the assumptions in the mod-modeling, the losses due to preferred and no-action alter-
el when used to estimate salmon losses as opposed to pur-nativesare essentiallythe same. For comparison
striped bass losses is that the assumed Clifton Courtposes, the calculated historic total loss during the 1979 -
predation loss for salmon is 75 percent for all sizes, while it1987 period was 4,321,898 yearling equivalent Chinook
is size-dependent for striped bass. Also, trucking lossessalmon.
are assumed to be near zero for Chinook salmon. When
using the model to estimate either striped bass or salmonIt is expected that the operation of the barrier-type facil-
losses, estimates of losses should be used only to assessity at the head of Old River will cause most of the down-
relative differences in losses between alternatives, stream migrating San Joaquin River Chinook salmon to

move down the San Joaquin River passed Stockton into
All four races of Chinook salmon are included in these es-the central Delta instead of being drawn across Old River
timates. Although the majority of downstream migrantsor Grant Line Canal. While some of these salmon will be
are typically captured in the April through June period,entrained by the cross Delta transfer of water back toward
some salmon are salvaged during all months of the year.the pumping plants, it is expected that the strong tidal ac-
The different races of salmon cannot be diYferentiated at tion into the central Delta channels will draw a large hum-
this time; however, it can be assumed that the majority ofber of smolts toward the downstream bays and the ocean.
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Table 5-27
Calculated Losses of Juvenile Chinook Salmon

at the Intake to the California Aqueduct, 1979-1987, Under Two Pumping Scenarios
(all losses expressed as yearling equivalents)

Losses Year No-Action Preferred Percent
Year Type Alternative Alternative Change
1979 Dry 365,321 461,531 26.3
1980 Wet 734,297 780,502 6.3
1981 Dry 268,640 = 1331,762 23.5
1982 Wet 1,522,659 1,493,793 1.9
1983 Wet 855,166 . 913,644 6.8
1984 Wet 304,049 : 324,357 6.7
1985 Dry 386,499 ......... 435,789 12.6
198 Wet 1,366,676 1 i,397,315 2.2
1987 Critical 350.196 ~ 13.7

Total 6,153,503 6,440,788 4.7

Direct Impacts of the Delta Complex PreferredAlternative. Under the preferred alternative, ex-
on Other Fish Species ports would be shifted from the months of higher fish

abundance to winter months of lower abundance. If ex-
ports are shifted, even with an annual average increase in

Estimates of direct impacts for species other than salmonexports of about 12.5 percent, the total change in fish sal-
and striped bass were based on historical salvage data. Av-vage would not be significant (less than .05 percent). Sal-
erage annual salvage estimates were derived by multiply-vage would be increased by 3.7 percent for anadromous
ing projected monthly average exports by historicalfish, reducedby2.3percentforresidentgamefish, andre-
monthly average salvage densities. Such estimates ac-duced by 0.3 percent for resident nongame fish.
count for monthly abundance, but not for the many other
factors considered in the analyses of striped bass and Chi-Delta smelt, a species of concern due to their recent de-
nook salmon, such as fish screen efficiency and lossescline in numbers, would benefit as indicated by a reduc-
from predation, handling, and hauling, tion of over 5 percent in salvage.

Other Alternatives. Average monthly exports for other al-
Calculated salvage numbers of other fish species areternatives would be the same as for the preferred alterna-
shown in Table 5-28. As salvage estimates increase, totaltive. Therefore, direct impacts on fish are expected to be
direct losses also increase since the salvage process is lessthe same as under the preferred alternative.
than 100 percent efficient. As salvage estimates decrease,
total direct losses also decrease. Perspective. For any of these species, it is difficult to

equate salvage and loss estimates to impacts on the popu-
lation as a whole. This is due to normal losses occurring

No-Action Alternative. Under the no-action alternative, during the life cycle from other causes or to possible corn-
the total computed salvage for selected anadromous fishpensatory mechanisms that allow these losses to be ne-
other than striped bass and salmon is 1,298,021, of whichgated. Also, virtually no data are available on juvenile
99 percent are American shad. The total for residentpopulations for these species.
game fish is 1,339,250, of which about 95 percent are white
catfish. The total for resident nongame fish is 4,194,427,Some species, such as sturgeon, Pacific lamprey, and tule
of which about 65 percent are threadfin shad. perch, are salvaged rather infrequently, although they are
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TABLE 5-28
Calculated and Direct Average Annual Salvage of Screenable Size Fish
Other than Striped Bass and Chinook Salmon at the Delta Complex1

Preferred and Percent Change
Species No Action Other Alternatives Over No Action2

(negative values beneficial)
Anadromous Fish

Steelhead Rainbow Trout 7,199 8,545 + 18.70%
American Shad 1,286,696 1,333,669 + 3.65%
White Sturgeon 2,965 2,974 + 0.30%
Green Sturgeon 1,161 1,228 + 5.77%

Resident Game Fish

White Catfish 1,267,316 1,236,217 - 2.45%
Channel Catfish 32,990 32,821 - 0.51%
Black Crappie 23,900 23,959 + 0.25%
Bluegill 10,331 10,919 + 5.69%
Starry Flounder 4,713 4,041 - 14.26%

Resident Non-Game Fish

Threadfin Shad 2,713,313 2,774,787 + 2.27%
Sacramento Splittail 185,738 177,225 - 4.58%
Hardhead 22,125 .19,499 - 11.87%
Carp 28,139 22,544 - 19.88%
Bigscale Logperch 9,457 8,377 - 11.42%
Longfin Smelt 111,574 98,832 - 11.42%
Delta Smelt 878,849 828,543 - 5.72%
PricEy Sculpin 136,506 129,225 - 4.33%
Yellowfln Goby 108,726 121,436 + 11.69%

1 Calculations of annual fish losses changing with salvage, based on data from DFG report,
The John E. Skinner Delta Fish Protective Facility, 1968-1980, A Summary of the First Thirteen Years of Operation, October
1981. Values are in fish per year and reflect reduced impacts in many cases.

2 Positive numbers indicate an increase in fish losses with the proposed action; negative numbers indicate a decrease in
fish losses with the proposed action.

present in fair numbers in the Delta. Others, such asImpacts on Wildlife and Wildlife Habitat
starry flounder and brown bullhead, are salvaged infre-
quently because the south Delta is not their preferredWildlife impacts and compensation needs of the SDWMP
habitat. Species such as American shad, white catfish, andfrom channel enlargements and Forebay enlargement by
threadfin shad maintain high populations in the Delta de-3,000 surface acres were evaluated, using the USF&WS
spite significant annual entrainment. Habitat Evaluation Procedures (HEP), a methodology

that can be used to document the quality and quantity of
available habitat for selected wildlife species.

Based on the minimal increase in salvage numbers and
the continued high numbers of most fish species, directHEP is endorsed by DFG as a means of rating the quanti-
impacts on fish were judged to be insignificant, ty and quality of habitat to evaluate proposed mitigation.
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HEP provides information for two general types of wild. Impacts on Wetlands
life habitat comparisons:

The SDWMP will not impact any natural occurring wet-
¯ the relative value of different areas at the same point lands. The Habitat Evaluation Procedure analysis did find

in time; wetland-type vegetation along many of the artificial agri-
¯ the relative value of the Same area at future points in cultural drainage ditches in areas that were identified as

time. possible sites for an expansion of Clifton Court Forebay.
The soils adjacent to these drainage ditches are not char-

By combining the two types of comparisons, the impact ofacteristic of those associated with wetlands. The presence
proposed or anticipated land and water use changes olaof wetland vegetation is due to the irrigation and drainage
wildlife can be quantified, of agricultural fields. This vegetation is removed periodi-

cally as a result of ongoing ditch maintenance. This vege-The application of HEP is based on the assumption that
tation along the drainage ditches ranges from 5 to 8 acres,habitat for selected wildlife species or communities can bedepending on various forebay alternatives, and could be

described by a model that,produces a Habitat Suitabilityclassified as emergent marsh.Index (HSI). The HSI value, from 0.0 to 1.0, is multiplied
by the area of available habitat to obtain Habitat UnitsEnlargement of selected channels, using setback levees,
(HUs), which are used in the comparisons describedwill greatly increase the amount of habitat that can be
above, listed as artificial wetland or emergent wetland. The addi-

tional channels created by the new setback levees will mit-
One feature of the preferred alternative is to enlarge igate for: 1) loss of vegetation along drainage ditches in
Clifton Court Forebay to at least 5,000 surface acres byareas where Clifton Court Forebay expands, and 2) any in-flooding various combinations of parts of nearby Deltaadvertent loss that may result from construction of the
agricultural islands or tracts, new levee.

Various forebay alternatives, consisting of all or parts of Impacts on Rarer Threatened~
Coney Island, Byron Tract, Victoria Island, and Clifton
Court Tract, as discussed in Chapter 2, were evaluated byand Endangered Species

assuming they could be constructed by either-- The results of field surveys for rare, threatened, and en-
¯ building up existing island levees where possible, dangered plant and animal species are described in Chap-

with totally new levees constructed only where none ter 4. The following species of plants may be affected:
presently existed; ¯ Mason’s lilaeopsis,

¯ constructing all new levees for Forebay contain- ¯ California hibiscus,
ment, including set-back levees next to any existing
island levees along the Forebay boundaries. ¯ Delta rule pea.

Mitigation. Sherman Island, which is the preferred loca- Those three species of plants are found in the project

tion for the mitigation of impacts from an enlargedarea. However, except for a new intake for an expanded
Clifton Court Forebay and barrier-type facilities, all con-forebay, comprises about 10,400 acres of mainly agricul-

tural land. A wildlife management plan for the island callsstruction will be in areas where these water-dependent

for a mixture of the following habitats: plants are not found. The new forebay intake will remove
from 200 to 400 linear yards of existing levee, and the bar-

¯ permanently flooded wetland or emergent marsh, rier-type facilities will alter about 50 yards of levee on
both sides of the channel. When the exact location of¯ upland,
these structures has been identified, results of the plant

¯ goose habitat, and surveys will be checked to determine whether any pro-
¯ riparian, tected plants are affected. Any significant impacts will be

mitigated.
The number of acres for each of the above habitats has not
been agreed upon. DWR and Reclamation will be workingBarrier-type facilities will raise water levels in several
closely with DFG and the USF&WS in developing a suit- places in the south Delta (see the section, "Mitigation
able plan for mitigation of impacts. And Enhancement Barrier-type Facilities" in Chapter 2).
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The rise in mean water levels during low-flow periods will er and the spawning population of winter-run salmon in-
atter the vegetation in the narrow strip of land betweencreased to about 170,000 in 1969.
the historic mean water level and the new higher mean
water level. Plants in this zone are subjected to daily andIn 1989, the winter-run size was about 550 spawners.
seasonal fluctuations in water levels. Many biologists believed that the dramatic decrease over

the past 20 years has been due to the construction and op-
Mason’s lilaeopsis, an intertidal plant which, by means oferation of the Red Bluff Diversion Dam and an increase in
rhizomes, colonizes new habitats, will re-establish itselfspring/summer temperatures in the upper Sacramento
quickly in the new intertidal zone. California hibiscus, oc-River. The Dam itself caused delays in migration of adults
cupying a broader and slightly higher zone than Mason’supstream and juveniles downstream. Delayed migration
lilaeopsis, should also re-establish itself in a short time.of adults can result in less-than-optimum spawning, and
The ability of both of these species to re-establish them-a delay of downstream migrants leads to increased preda-
selves will depend on the water level and duration of inun-tion by squawfish and other fish. In addition, inadequate
dation at the new levels, which will be monitored. Miti- screens at the intake to the Tehama-Colusa Canal re-
gating actions will be taken as needed. The two popula-suited in juvenile entrainment. Temperature problems
tions of Delta rule pea will not be affected by any of the were particularly severe in dry years when water released
barrier-type facilities, from Shasta Reservoir came from thewarn3 upperlayer.

Swainson’s hawk is the only terrestrial protected animalOther factors that have been identified as adversely im-
which may be disturbed by construction activities. Active pacting populations include:
nests will be avoided during the nesting period. ¯ impacts of acid mine drainage into the upper Sacra-

Three fish species merit special concern: mento River from the inactive Iron Mountain mine
site in the Spring Creek watershed, which enters the

¯ Delta smelt, recommended for protection by Califor- Sacramento River immediately upstream of Keswick
nia and the federal government; Dam;

¯ Sacramento splittail, recommended for protection ¯ limited spawning gravels in the upper Sacramento
by California and the federal government; and River;

¯ winter-run Chinook salmon, listed as endangered bȳ fish losses due to entrainment at the Glenn-Colusa in-
California and threatened federal take and other diversion in theas bythe govern- water structures Delta;
ment. and

The preferred alternative benefits both the Delta smelt̄ commercial and sport harvest.
and the Sacramento splittail. Direct average annual sal-An interagency winter-run team has been established to
vage of Delta smelt is reduced by over 5 percent and thedevelop a recovery plan. Much of this plan will be built
Sacramento splittail is reduced by over 4 percent, around a cooperative agreement developed before the

listing. This cooperative agreement was to implement ac-Impacts to the winter-run Chinook salmon are discussedtions to improve the status of winter-run chinook salmon.
in the following section. The cooperating agencies are DFG, USFWS, Reclama-

Winter-RunSalmonlmpacts. ThewinterrunofSacramen- tion, and NMFS.

to River chinook salmon has been listed as endangered byThe agreement contairis the following actions:
California and as threatened by the federal government.
It is a unique race of salmon which spawns in the May-Au- ¯ raise the Red Bluff Diversion Dam from December 1
gust period in the upper Sacramento River between Red through April 1;
Bluff and Keswick Dam. Spawning, incubation and juve- ¯ develop better water temperature control at the outlet
nile rearing take place during summer months when wa- from Shasta Reservoir;
ter temperatures are typically warm in the upper Sacra-̄

develop measures to control squawfish predation atmento River. Before the construction of Shasta Reser-
Red Bluff Diversion Dam;voir, the winter run spawned in the cool reaches of the

McCloud River. Early operation of Shasta Reservoir¯ correct Spring Creek pollution problem;
caused colder temperatures in the upper Sacramento Riv-̄ restore spawning habitat in the Redding area;
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¯ correct salmon related problems at Anderson-Cot- ¯
tonwood Irrigation District Diversion Dam; Table 5-29

Projected Average Monthly Diversion (cfs) over the
¯ restrict in-river harvest of winter-run chinook salm- 57-Year Study Period During January and March

on; (3.3 MAF SWP Demands)
¯ develop a winter-run chinook salmon propagation

program at Coleman National Fish Hatchery; Year q~pe

¯ modify the Keswick fish trap to prevent mortality to Below
winter-run chinook salmon; Alternative Critical" Dry Normal

¯ continue and expand studies on winter-run chinook No-Action 4,889 6,634 6,230
salmon; and

Preferred 4,998 8,312 7,454
¯ develop fish ladders as an alternative to raising the ¯

Red Bluff Diversion Dam gates. Others 4,998 8,312 7,454

The potential impacts of SDWMP on winter-run salmon tial impact of the Banks Delta Pumping Plant on winter-
would occur during their passage through the Delta asrun salmon. DFG will be consulted for written findings on 1
downstream migrants. The time when winter-run outmi- the impact of the preferred alternative on the continued
grants are in the Delta is not well defined but DFG be- existence of the winter-run salmon, as required by CEQA
lieves that peak abundance is in the January throughand CESA. If it is determined that that SWP pumping re-
March period. During the winter months, river flows are suits in a taking that is not permitted under either the fed-
generally high, temperatures cold, the Delta Cross Chan-eral or State act, DWR will work with the agencies to de-
nel gates are closed, and local agricultural diversions arevelop appropriate mitigation. Actions being considered1
minimal. Although this combination of factors shouldinclude 1) participation in upstream measures that are|generally result in good through-Delta survival, therecritical to survival of the winter run, and 2) operational re-
have been no studies specifically designed to estimate sur-strictions at the pumping plant when the juveniles are
vival of winter-run smolts, most vulnerable. Operation under the preferred alterna- ¯

tive will not be conducted in a manner that would conflict 1
During dry, critical, and below normal years, river flows with any requirements imposed on DWR by the State and
are generally low even during winter months. SWP andfederal acts. 1
CVP pumping may result in some winter-run juveniles
being lost at the pumps. There is no definitive means ofImpacts on Tracy Pumping Plant Operations
distinguishing a winter-run juvenile from one of the other
three races of salmon present in the Central Valley sys-The SDWMP is not expected to affect operation of the ¯
tern. DFG has developed a size relationship which mayTracy Pumping Plant. Two previously identified potential
help differentiate the salmon, problems to the plant operation are water hyacinth andII

water surface elevations.
The probability of entraining winter-run juveniles during
critical, dry, and below normal years increases as pumpingWater hyacinth has historically been a problem in the
increases during the January through March period,south Delta, limiting boating and interfering with both1
Table 5-29 shows that under the preferred SDWMP alter- CVP and SWP export operations by obstructing the intake
native, increases in January through March SWP pump-gates. A successful effort by both federal and state agen-
ing would tend to occur during dry and below normalcies was conducted in the 1980s to reduce the water hya-
years. However, only a minor increase in SWP pumpingcinth influence on pumping, especially at the Tracy Pump-
would tend to occur in critical years under the preferred ing Plant. Currently water hyacinth is contained to a man-
alternative, ageable level, and the south Delta improvements are not̄

expected to accelerate its growth.
The recovery plan now being developed will help with im-
plementation of both the federal and State acts. The re-Evaluation of the effects of the alternatives on energy re-
covery team has met only once so far. DWR is to be a quirements for the Tracy Pumping Plant due to water sur- ¯
member of the team. In addition, DWR has initiated aface elevation changes was based on Reclamation’s esti-Ill

consultation process with NMFS and DFG on the poten-    mate of increased energy requirements of 1.25 kilowatt-

!
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hours per foot of drawdown in the channels adjacent tomarsh is designed to compensate for future projects, such
the pumping plant, as the proposed project. Evaluation of this protection can

be found in the Plan of Protection for the Suisun Marsh in-
Tracy Pumping operations cluding Impact Report, FebruaryNo-Action Alternative. Plant Environmental DWR,

will not be impacted. 1984.

Preferred Alternative. Changes in energy requirements at In the past, SWP and CVP operation and other upstream
the Tracy Pumping Plant will be insignificant. Table C-18water use adversely affected the Suisun Marsh during dry
in Appendix C shows the average water surface elevation and critical years. The reduction in outflow caused by up-
differences between all of the alternatives and the no-ac-stream use and by export during October through May in-
tion alternative. The preferred alternative raises averagecreased channel salinity within the marsh, which affected
water surface elevations from 0 to 0.5 foot. The higher the composition and productivity of plant communities
average water surface elevation is caused by relocatingthat are important food sources for waterfowl. Soil salini-
Clifton Court Forebay intake gates farther north toward ties in pond areas must remain within certain limits or
the central Delta. habitat quality will deteriorate. If no action was taken,

the duration of salinity intrusion into the marsh channels
Table C-18 shows that at the Delta-Mendota Canal in- would increase as greater amounts of water were diverted
take during low-low tides, water surface elevation differ- upstream and within the Delta. Seed production in the
enceswill range from 0.1 to-0.2foot, compared to theno-marsh would decrease, and less food would be available
action alternative for all water years. These differences for waterfowl.
occur during low-low tides, which represent a small por-
tion of a tidal cycle, and is negated by the overall increaseDuring the 1988-1989 wateryear, the Suisun Marsh Salin-
in average water surface elevation. The potential minority Control Gates operated for 157 days (October 31, 1988
negative effects of the tide barriers on minimum waterthrough April 7, 1989). Because of intermittent equip-
surface elevations are also compensated by the overall im-ment problems, operations were recorded for 132 of the
provement to water levels. The increased water surface157 days. During the 132-day period, the gates opened 268
elevation will possibly lower CVP’s energy requirements,times, for a total duration of 1,182 hours. Based on the re-

corded data, the gates tidally pumped 479,105 AF of water
Other Alternatives. Tracy Pumping Plant operations will (averaging 3,630 AF, or 1,830 cfs per 24-hour day) into
benefit significantly from any alternative that incorpo-Suisun Marsh for the control season. During this same pe-
rates a CVP tie-in to Clifton Court Forebay. By connect- riod, measured salinity levels in Suisun Marsh channels
ing into the forebay, the Tracy Pumping Plant will be lesswere lower than in any recorded similar hydrologic period.
prone to water quality, drawdown, and tidal impacts. For
the alternatives without a CVP tie-in, impacts on Tracy The Suisun Marsh salinity control gates worked better
Pumping Plant operations will be simi!ar to those for thethan expected during this dry period. The 1987-88 water
preferred alternative, year had a Sacramento River Index of 9.2 MAF and was

classified, according to Decision 1485, as critical. The
Impacts on Suisun Marsh 1988-89 Sacramento River Index was 15 MAF; therefore,

this control season was donsidered a dry year for fish and
DWR and Reclamation planning includes protective mea-wildlife standards. Channel water quality improved signif-
sures for Suisun Marsh to mitigate for project develop-icantly as far west as the Volanti monitoring site on Suisun
ment, including the SDWME With or without the pro- Slough. The improvements at Volanti occurred about
posed project, DWR and Reclamation will protect Suisunseven days after the control gates began tidal pumping.
Marsh habitat with Delta outflow, physical facilities, a
monitoring program, and a management program. TheFigure 5-2 illustrates the percent change of monthly net
most important protective facility, the Suisun Marsh Sa-Delta outflow of the south Delta alternatives, compared
linity Control Gate Structure is already in operation, to the base condition. The graph shows little change in

monthly net Delta outflow, compared to the base. The
Chapter 4 contains information on Suisun Marsh’s physi-SDWMP will have no significant Suisun Marsh,impactor/

cal characteristics, environmental importance, and multi-because the Suisun Marsh program will protect the dell-
agency preservation agreements. Protection for thecate balance of brackish water by a combination of Delta
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outflow, physical facilities, a monitoring program, and aPrimary (piano production. A major issue regarding San
management program. Francisco Bay is the possible impact of water development

on the ability of the system to produce enough food at the
Impacts on San Francisco Bay Aquatic Resources base of the food web to support a diverse assemblage of

higher animals, including fish. Fresh water flow 1) contrib-
Downstream of the Delta is a series of embaymentsutes plant nutrients to the estuary; 2) reduces salinity,
linked by narrow channels. Together these embay-which can influence phytoplankton abundance; and 3) is
ments--Suisun, San Pablo, Central, and South bays--responsible for the establishing an entrapment zone and
form a complex estuarine environment. The analysis andother hydraulic features such as stratification, which can
determination of fresh water impacts on San Franciscopromote production. Nutrient sources other than fresh
Bay is a complicated process. There is a complex interac-water flows include waste discharge, regeneration from
tion of fresh and sea water, tides, winds, and currents,bottom sediments, the ocean, and direct input from the
Since these factors are difficult to measure or character- atmosphere from precipitation or particulates. Primary
ize, their complex interaction with San Francisco Bay bio-production includes a variety of such plant groups as
ta must also be understood, as well as the interactionsphytoplankton, benthic microflora, macroalgae, and
among different trophic levels of the biota, emergent vegetation.

Complex estuarine factors in combination with the Bay’sLevels of primary production necessary to support fish

geomorphology offer a diverse array of environments forpopulations are not well understood. Fishery yields vary
This complex environment widely at any given level of plant production. In Sanusebyaquaticorganisms.

makes it very difficult to determine whether changes inFrancisco Bay, data are insufficient to characterize the to-
fresh water flow due to water development will result in tal primary production from all the plant communities in

conditions that will adversely impact beneficial uses--the system. Therefore, a fishery yield/plant production

particularly fish and wildlife habitat, curve cannot be estimated.

The complex nature of San Francisco Bay obscures bothThe impact of SDWMP on flow pulses, and changes inthe effect of various factors on production and the effect
Delta outflow, both of which are considerations for the of fresh water flows on those factors.San Francisco Bay environment, are discussed earlier in
this chapter. Zooplankton. The effects of fresh water flow on abun-

dance and distribution of zooplankton in San Francisco
Environmental concerns for San Francisco Bay are recog-Bay are not well understood. Hearings on San Francisco
nized by the SWRCB. In the Bay-Delta hearing testimo- Bay by SWRCB presented evidence that after 3-1/2 years
ny on fresh water inflow to the San Francisco Bay, recom- of studying South San Francisco Bay, the USGS could not
mendations concerning Delta outflow, the health of Sanfind a relation between Delta outflow and zooplankton
Francisco Bay, and the effect of pollution on Sanabundance. DFG studies indicate that the abundance of
FranciscoBay’s health, variedconsiderably.Most indi- Bay shrimp, Crangonfranciscorum, is associated with fresh
viduals agreed, however, that more information must bewater flows from the Delta. The abundance of this
collected, shrimp, however, does not always show the same relation-

ship to outflow, depending on life stage. The small fishery
How differences in Delta outflows under the SDWMP for Bay shrimp is probably not limited by current popula-
will affect San Francisco Bay biological resources is un-tion levels, and optimum levels of shrimp have not been
known. However, if San Francisco Bay resource levels are determined. During the late 1920s and early 1930s, a peri-
related to the quantities of fresh water inflows, the incre- od with the longest sustained drought, commercial fisher-
mental effects of the SDWMP can also be expected to be man were harvesting 2 to 3 million pounds of shrimp an-
minimal, because outflow changes for the preferred plannually from the San Francisco Bay.
would be minor. The relationship between Delta outflow
and fish, water quality, and wildlife resources in SanFish. Detailed studies of the effects of fresh water inflow
Francisco Bay is the subject of ongoing studies and moni-on San Francisco Bay fish began in the early 1980s. Of the
toring that DWR and Reclamation help fund. The follow- more than 120 species of fish captured by DFG, detailed
ing discussion involves impacts to plant production,analyses were made of 69 species, according to their re-
zooplankton, and fish. sponse to water year types. The results showed that flow
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had no apparent effect on 42 species, 20 species wereIt is estimated that construction of barriers may required
more abundant in wet or above-normal years, and 7 spe-excavation of 200,000 cubic yards of materials, 8,000 cubic
cies responded to dry or critical.ly--dryyears. Two species in yards of concrete, and 45,000 tons of riprap materials.
particular, the longfin smelt and the introduced yellowfin
goby, showed a positive correlation between fresh waterThe different types of barrier-type facilities that could be

flow and abundance, installed are described in detail in Chapter 2.

The above correlations are based only on observed flows
Clifton Court Forebay Expansion

and fish abundance. A data base is not available to showThe alignment of the embankment for the enlarged CIff-
what flow-related phenomenon might have caused theton Court Forebay alternatives will be located on weak
relationship, orwhether the relationships werebiological-deltaic deposits characterized by poor foundation condi-
ly relevant. In addition, the data base is relatively shorttions. These deposits are organic and vary in thickness
and limited. The limitation’ is especially apparent whenfrom a few feet to about 20 feet. The organic soil deposits
compared to that for striped bass, a species still not wellconsist of peat, organic silt, and clay of low density, low
understood despite a 29-year study of a large number ofshear strength, and high moisture content.
potential controlling factors.

Under the preferred alternative, the enlarged forebay
Impacts of Construction would require an estimated 150,000 cubic yards of excava-

tion, 6 million cubic yards of embankment, and 600,000
Table 5-30 summarizes the local impacts of barrier-typetons of riprap materials.
facilities installation, Clifton Court Forebay expansion,A common method of constructing an embankment
intake structure construction, siphon construction, High-where organic soil is encountered is to remove the organicway 4 modification, and channel improvements. The proj-material and it with mineral soft. It is assumedreplace aect components are discussed in Chapter 2. The impactsthat the new embankment can be safely built on the exist-due to construction of the project components are temp-hag foundation material, since the adjacent existing leveesorary and are discussed in this section. This section also
discusses the methods of construction and needed mitiga-have been constructed on the same foundation with

steeper side slopes. It is planned that the materialtion measures, dredged from the channels be placed in the embankment

estimates of earthwork and other area. However, in addition to the dredged materials,Preliminaryquantity
major materials needed for project construction are sum-about 6 million cubic yards of borrow materials will be im-

marized in Table 5-31. To minimize impacts on the road-ported for the construction. The borrow materials will be

way traffic in the project area, imported materials (em- hauled by trucks with a capacity of about 10 cubic yards,

bankment and riprap) could be barged to the site. Con-and approximately 580,000 trips will be required. The esti-

crete may be batched near the project site on dry land. mated quantity of borrow for the embankment has been
increased by 15 percent to account for the expected settle-

Barrier-Type Facilities Installation                 ment.

Reinforcement of the existing levees to serve as the
Barrier-type facilities will be constructed to improve wa- forebay embankment is hot feas~le, since the strength of
ter levels and circulation patterns in the south Delta.the existing levees and their foundations are indetermi-
These structures will be operated so that the flood tidehate. Therefore, a new embankment was assumed to be
could enter the upstream channel through the open gates,constructed adjacent to the existing levees. A paved oper-
At ebb tide, the gates would close to help maintain higherating road will be constructed on the crest of the embank-
water levels upstream of the structure. If construction isment. Wave protection will be provided by a filter blanket
carried out by staging, the first stage may include a tempo-and overlying riprap. Embankments will be provided with
rary barrier-type structure. This will allow time to evalu- a toe drain to tie into the existing drainage system on the
ate the effectiveness of the structure under different hy- islands. Wells will also be set up to monitor potential
draulic and hydrodynamic conditions. This type of evalua-seepage.
tion will facilitate more effective design, operation, and
maintenance of the temporary structure and those con-Embankments around the forebay are under the jurisdic-
structed in later stages, tion of DWR’s Division of Dam Safety. The design con-.
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Table 5-30. Summary. of Environmental Impacts Caused by Construction

1. Earth. Will the proposal result in: IL Population. Will the proposal alter the location, distri-
a. Unstable earth cenditious or in bution, density, or growth rata of the human population

changes in geologic substructure? n n X of an area? ~ __ X
b. Disruptions, displacements, compaction, 12. Housing~ Will the proposal affect existing housing or ¯

or overrovering of the soil? ¯ X ~ ~ create a demand for additional housing? ~ X
c. Changes in topography or ground surface relief features?X ~ ~ 13. Trausportatlon/Circulatlon. Will the proposal:
d. Destruction, covering, or modification

of any unique geologic or physical feature? __ __ X a. generate substantial additional vehicular movement? __ __ X

e. Any increase in wind or water erosion of b. affect existing parking facilities or demand for new ¯
soil, either on or offthe site? ~ ~ __

paddng? __ ~ X

f. Changes in deposition or erosion of beach sands, or c. Substantially impact existing transportation systems? __ -- X
changes In siltation, deposition or erosion that may d. Alter present pattorns of ctrculatton or movement
modify the channel of a river or stream or the bed of of people and/or goods? n ~ X
tile ocean or any bay, inlet, or lake? __ __ X e. Alter waterborne, rail, or air traffic? __ __ X ¯

g. Exposure of people or property to geologic
L Increase traffic hazards to motor vehicles, cyclists, or

hazards, such as earthquakes, landslides,
mudslides, ground failure, or similar hazards? ~ ~ X

pedestriaus? ~ ~ X

2. Air. Will the proposal result in: 14. Public Services. Will the proposal affect or result in t need

a. Substantial air emissions or deterioration of
for new or altered governmental services in these areas:

¯
ambient air quality? n __ X a. Fire protection? __ __ X

b. Tile creation of objectionable odors? __ __ X b. Police protection? __ __ X

~ Alteration of air movement, moisture, or ~ Schools? __ ~ X

temperature, or any change in climate, either d. Parks or other recreational facilities? __ __ X
1

locally or regionally?. __ ~ X e. Maintenance of public facilities, including roads? __ __ X

3. Water. Will the proposal result in: f. Other governmental services? __ __ X

a. Changes in currents, or the course or direction of 15. Energy. Will tile proposal result in:
water movements, in either marine or fresh water? __ __ X a. Use of substantial amounts of fuel or energy?. __ __ X

b. Chsugca in absorption rotes, drainage patterns, b. Substantial increase in demand on existing sources of
1

or the rote and amount of surface water runoff?. __ ~ X energy, or require development of new energy sources? ~ ~ X |c. Alterations to the course or flow of flood waters? X 16. Utilities. Will the proposal result in a need for new systems
-- -- or substantial alterations to the fullowing utilities:.d. Change in the amount of surface water in any

s~ Power or natural gas? __ __water body?. X -- -- b. Commmtications systems? ~ ~ X
e. Discharge into surface waters, or in any altorotion ~. Water? ~ X ¯

of surface water qualtiy, including but not limited d. Sewer or septic tanks? ~ --        ~ X
to temperature, dissolved oxygen, or turbtdtl~. X -- n e. Storm water damage?

f. Alteration of the direction or flow rate of ground water?__ __ X f. Solid waste and disposal? ~ __ X
g. Change in the quantity of ground waters, either 17. tluman Health. Will the proposal result in:

through direct additions or withdrowl, or th rough a. Creation of any health hazard or potential health hazard
interception of an aquifer by cuts or excavations? ~ ~ X (excluding mental health)? __. ~ X

h. Substantial reduction in the amount ofwatsr b. Exposure of people to potential health hazards? -- __ X
otherwise available for public water supplies? n ~ X 18. Aesthetics. Will the proposal result in obstruction of any

i. Exposure of people or property to water-related scenic vista or view open to the public, or will the proposal 1
hazards such as flooding or tidal waves? __ ~ X result in the creation of an aesthetically offensive site open

4. Plant Life. Will the proposal result in: to public view? ~ ~ X
a. Changes In the diversity of species, or number of any 19. Recreation, Will the proposal affect the quality or quantity

species of plants (including trees, shrubs, grass, crops, of existing recreational opportuoitias? __ ~ X
and aquatic plants)? __ __ X 20. Cultural Resources. Will the proposal:

b. Reduction of the number of any unique, rare or a. result in alteration or destruction of a prehistoric or
endangered species of plants? __ ~ X historic archeological site? __ __ X

c. Introduction of new species of plants into an area, or                                          b. result in adverse physical or aesthetic effects to a pro-
barrier to the normal replenishment of existing species? ~ X historic or historic building, structure, or object? ~ __ X

d. Reduction in acreage of any agricultural crop? ~" n __ c. have the potential to cause a physical change that would ¯
5. Animal Life? Will the proposal result in: affect unique ethnic cultural values? __ ~ X

a. Change in the diversity of species, or numbers of any d. restrict existing religious or sacred uses within the

animal species (birds, land animals, including reptiles, potential impact area?

fish and shellfish, benthic organisms or insects)? ~ ~ X 21. Mandatory Findings of Significance.
b. Reduction in the ,lumber of any unique, rare, or a. Does the project have the potential to degrade the ¯

endangered species of animals? n __ X quality of the environment, substantially reduce

e. Introduction of new species of animals into an area, the habitat of a fish or wildlife species, cause a

a barrier ta the migration or movement of suimals? __ __ X fish or wildlife population to drop below self-
sustaining levels, threaten to eliminate a plant or

d. Deterioration of existing fish or wildlife habitat? -- __ X animal commuuity, reduce the number of or 1
6. Noise. Will the proposal result in: restrict tile range of a rare or endangered plant

a. Increases in existing noise levels? X __ or animal, or eliminate Impo~tant examples of the
b. Exposure of people to severe noise levels? __ ~ ~" major periods of California history or prehlstoty?. ~ __ X

7. Light & Glare. Will ne~ light and glare occur. X b. Does the project have the potential to achieve short-term-
S. Land Use. Will the proposal result in substantial alters- to the disadvantage of long-term--environmental goals? ¯

tlon of the present or planned land use of an area? X __
(A short-term environmental impact is one that occurs

9. Natural Resources. Will the proposal result in: -- in a ralativety brief, definitive period, whereas
long-term impacts will endure ~veti into the future.) ~ __ X

a. Increase in rate of use of any natural resources? __ __ X r.. Does tile project have impacts that are individually
b. Sttbstantial depletion of any nonrenewable rasource? __ __ X limited but rumulatively considerable? (A project may 1

I0. Risk of Upset~ Will the proposal invoh’e: impact two or more separate resources where the impact
a. Risk of explosion or release of hazardous substance on each is relatively small but where tile effect of the

(including but not limited to oil, pesticides, chemicals, total impacts on the environment is significant.) __ __ X
or radiation) in the event of an accident or upset? __ __ X d. Does the project have envlronmsutal effects that will

b. Possible interference with an emergency response cause substantial adverse effects on human beings
¯

plan or an emergency evacuation plan? ~ __ X either directly or indirectly? __ __
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Table 5-31. Summary of Estimated Major Material Quantities Needed for Construction of
South Delta Water Management Facilities

Tide Gate Barriers Channel Dced~ln|

Old Rivet" C~mtrol

Item Unit Le~k & Flask- Old River C~itre Grant Lime Carrel Middle Rive/" Preferred Forelmy Middle Rivet" "Vi~scta-- N. Vlc~t-ia--

beardSh~uc/m’e &BeatLo4:k Cst~mlStruetuee ~mlrol~ lstteBaS~s~iure SlplmmS~’aciare Enlargemem~ OIdRiver Vt~t~vmrd San~al~eCut OIdRiverSeuth

Exeavattem (Clmnnel,
S~-u~uee, Cefferdam &
Levee Breadt) CY 85,4~ 85,1~
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siderations for an enlarged forebay would include antici-Channel Improvements
pater earthquake loading.

Channel improvements may include dredging or levee

A potential cause of levee failure that has not been docu-     setback. For any channel improvements, levees would beriprapped from 1 foot below mean lower low-water
mented in the Delta is liquefaction of the foundation due(MLLW) to the top of the levee.
to earthquakes. Liquefaction is a phenomenon whereby
during shaking from an earthquake, saturated sands loseChannel Dredging. Necessary channel improvements will
strength and flow like a liquid. The Corps completed abe accomplished by dredging in areas with wide channels.
report on liquefaction in the Delta titled, Sacramento-San Dredging can be accomplished by the use of a barge-
Joaquin Delta Liquefaction Potential (Appendix J), U.S. mounted clamshell or dragline suction. Suction dredging
Army Corps of Engineers, April 1987. will be used for the wide areas. The materials to be exca-

vated from the existing channel bottom will either be

A preliminary seismic risk assessment of levees withinplaced on the backside of the existing levee or be used for

thesouth Delta can be found in a study, Preliminary Sets- construction of the new levees. The dredged material will

mic Risk Analysis, Reclamation, February 1989. The study, not be placed on wetlands.
which is summarized in Appendix J, indicates that there
is risk of failure due to earthquake loads in the south Del-The dredged material and its sediments discharged at the

ta. disposal and dredging operation sites will be tested to pre-
dict the amount of contaminants, if any, in compliance
with the SWRCB and the Regional Water Quality Control

Intake Structure. The method for construction of a new Boards. These materials will also be analyzed for selected
intake structure to the forebay has not yet been estab-constituents of potential concern.
lished. A typical construction method for a concrete con-
trol structure with one or more gates is to build the struc- In areas where the foundation consists of mineral soils,
ture on dry land near the site and float the structure intothe spoil material may be placed as high as the existing le-
the project In areas where organic material exists in the founda-area. vee.

tion, the height of the spoil pile will be limited to half the
height of the existing levee. The spoil embankment will

Construction of the forebay intake will require about be reshaped after it has dried sufficiently.
3,000 cubic yards of concrete and 9,000 tons of riprap ma-
terials. About 6-million cubic yards of materials could be exca-

vated if all the proposed channel improvements are im-
Siphon. The construction of a siphon may require exten-plemented.
sive foundation excavation methods, such as use of a
braced cofferdam, cellular cofferdams, and a dewatering Levee Setback. All newly constructed levees will be in

system, compliance with Bulletin 192-82 standards, as well as any
federal standards that may be adopted.

The large reinforced concrete siphon barrel will be con-Settlement of the organic soil foundation under the newly
structed in drydock and floated into place. A gravel bed- constructed levee is among the problems associated with
ding of 4 to 5 feet will be placed on the trenched area.levee setback. Settlement can be as much as 50 to 60 per-
When properly positioned on the water surface above thecent of the depth of the organic material. About half of
foundation, the barrel will be filled with water and sunk the total settlement is expected to occur quite rapidly,
into place onto piling supports. The excavation under thewithin two to three months; another fourth is ex~pected
barrel will then be backfilled with jetted sand. When thewithin three years after placement; and the remainder
space under the barrel has been filled, the barrel will beovera longperiod of time. Since organic materials are not
jacked down from the piling supports to rest on the sand.likely to be uniformly deep, differential settlement could
Riprap will be placed on the river invert to prevent the st-cause tension cracking within the levee and subject the le-
phon from being uncovered and displaced by streambedvee to piping and subsequent failure. Levees will be con-
scour. Some 34,000 cubic yards of concrete will be neededstructed to allow pore pressure dissipation to minimize
for construction of the siphon, the effects of differential settlement. Levee design will
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ensure that all adjacent materials are compatible so thatto any metropolitan areas, mayTheseactivities have
piping will not occur. Consequently, the construction willsome effect on local wildlife. The contractor will have to
take longer and be more expensive than with convention-meet the requirements of the California Occupational
al methods. Safety and Health Administration (CALOSHA), which

should preclude unacceptable noise level.
Highway 4 Modification

Since the project is in a rural area, dust would not become

DWR will work very closely with the California Depart- a serious problem during excavation and hauling. The
ment of Transportation (Caltrans) on possible modifica-contractor will be required to minimize the dust by water-
tion to Highway 4. All plans and activities will be coordi- ing or other means of control. The dust that cannot be

hated with engineers from both the District 4 (Sancontrolledisnotexpectedtoexceedthatcausedbynormal

Francisco) and District 10 (S~tockton) offices of Caltrans. farming activities. The contract specifications may also
require the contractor to apply dust palliates as necessary

One of the alternatives considered to construct a on detours and operating roads.is road-
way parallel to the existing roadway alignment. The relo-
cation will consist of about 1,500 lineal feet of embank-Local water quality problems, such as increased turbidity,
ment and a 628-foot-long multi-span, reinforced-con-can be expected for a short time in some channels due to
crete bridge near the eastern portion of Byron Tract. construction of bridge piers, siphon structures, coffer-

dams, and dredging. This impact will be extended
The roadway section will be 14.0 feet above mean sea levelthrough the construction period only, and will end once
(MSL) and will consist of two 12-foot-wide traffic lanes the project is operational. DWR will obtain permits from
with 8-foot shoulders for emergency parking, the Regional Water Quality Control Board, DFG, and the

Corps for all operations that would cause turbidity.
The bridge will be a slab bridge with pile supports spaced
at 32 feet and 26 feet. It is estimated that 80-foot-longA minimal amount of inconvenience to recreational acti-
precast prestressed concrete piles will be needed for thevities on Old River and/or Middle River during project
pile supports, construction and channel dredging is expected. All the

necessary permits will be obtained from proper govern-
During modification and restoration, Highway 4 will bemental authorities.
detoured; for a period of 18 to 24 months, motorists can
expect delays of about 5 minutes. This inconvenience willUtilities, ff any, such as gas and water supply lines, power
be handled in compliance with Caltrans regulations, and telephone cables, underground cables, and wells that

would be disrupted by the project would be replaced or re-
Temporary Impacts of Construction located at project expense. To minimize disruption of ser-

vice, the relocation of such facilities would be handled by
Construction of the project would necessarily cause somethe utility company involved. Utility cables or pipelines in
short-term effects on the environment. The environmen-the project area will be either overhead or underground,
tal control measures would be detailed in the special pro-as appropriate. Wells within the right-of-way boundary
visions of each contract document, would be either plugged and abandoned, replaced, or

otherwise compensated for.
The relocation of structures, the possible modification of
highways and bridges, and the use of county roads forWhere land acquisition is part of a project component,
hauling would cause some delays and inconveniences toDWR and Reclamation will assist each person, family,
local residents due to detours and rerouting of traffic inbusiness, farm, or nonprofit organization to relocate or
the affected areas. However, the contractor will be in- find an equivalent property. Every effort will be made to
structed to have a flagman on the road and to avoid traffickeep inconvenience to a minimum and to allow the party
peak hours as much as possible, sufficient time to relocate. If necessary, a local office will

be established for better service. Since this is a rural area
Increased noise due to construction traffic and pile drivingdevoted to agriculture, very few homes will be affected.
equipment at some sites would be unavoidable, but this
effect would be localized and will have minor impacts onImpacts on fish migration from the construction of the in-
the public. The project area is not immediately adjacenttake structures, barrier-type facilities, and siphons will be
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minimal. Cofferdams, built to divert water from construc- total annual economic impact was estimated to be a bene-
tion sites, will extend slightly into the river and cause tern-fit of about $28.1 million, with $23.5 million in the South
porary increases in turbidity. The changed flow patternCoastal service area alone.
from the cofferdams may adversely affect fish migration,
depending on timing and construction methods used. Water Supply and Growth

Vegetation between the construction easement area ofThis section discusses the relationship between the pro-

the canal embankment will be disturbed by constructionposed project and socioeconomic growth in the SWP ser-
vice areas. The location, timing, and magnitude of eco-equipment, resulting in the dislocation of wildlife. DWR

has planned a mitigation program in compliance with
nomic and population growth within a region are deter-

HEE As discussed under "Impacts on Wildlife and Wild- mined by a multitude of interrelated economic, social, and

life Habitat" on page 159, HEP was developed bypolitical factors, including:

USF&WS to rate the quality and quantity of habitat so¯ employment opportunities;
that the impacts of changes made through land and water̄ availability and cost of natural resources, including
development projects can be quantified, land, water, and energy;

The USF&WS will make certain that the Endangered ¯ availability and cost of housing;

Species Act of 1973 is fully administered. The act will en- ¯ adequacy of community infrastructure (transporta-
sure that the proposed project is not likely to jeopardize tion facilities, fire and police protection, schools,
the continued existence of any endangered or threatened recreational facilities, etc.); and
species or result in the destruction or adverse modfica-̄ local government policy concerning growth issues
tion of critical habitat for such species, unless an exemp- (zoning ordinances, general plans, etc.).
tion of the project has been granted by the Endangered
Species Committee established by the act. DFG will alsoSince each of those variables influences growth, it is very
ensure full protection of species on the State endangereddifficult to ascertain if a change in one of them is sufficient
list. to cause a significant change in community growth rates.

Impacts on SWP Service Areas DWR’s planning activities are designed to accommodate
existing and planned growth--not control it. The provi-
sion of water, by itself, is not considered as stimulatingImprovementsresultingfrom the SDWMP will benefi- growth ff all the other factors listed above are not condu-

cially affect the water quality and reliability of SWP sup-
plies delivered to the SWP service areas. As a result,cive to that growth.

these improvements will have favorable socioeconomicSeveral complex factors must be examined to determine
impacts in the service areas, which could 1) include lessgrowth inducement. First, are there alternatives (both de-
disruption of water supplies and fewer shortages, and 2)mend management and supply augmentation) that could
providelessexpensivesourceof water.Inaddition,the be implemented in the absence of the project? If alterna-
project will enable water users in the area to maintaintives are available (even if they are more expensive than
their present quality of life. The project is not consideredthe proposed project), it can be assumed that they would
to be growth inducing, be implemented in the absence of the project. Hence,

with or without the project, growth will occur; the only
Socioeconomic Impacts effect of the project is a less expensive source of water.

Most of the impacts discussed above are difficult to quan- Another factor that needs to be considered is local gov-
try. However, the provision of less-expensive suppliesernment policy regarding growth. Most communities in
can be measured by comparing the cost of the project withthe State have implemented land use policies through
the cost of alternatives that would otherwise have to betheir general plans and zoning ordinances that attempt to
implemented in the absence of the project. This analysismanage growth in conjunction with their available re-
was presented in Chapter 3. The cost of options thatsources. These plans address population growth, land
would be displaced by the existence of the proposed facili-use, circulation, public services, and environmental re-
ties and the expected economic losses that would besources. The strength of these plans in managing growth
avoided with the proposed facilities were analyzed. Thevaries from community to community.
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Finally, the determination of whether a particular waterwould go to Southern California would be required to par-
supply project induces growth depends on how it is used.tially offset this loss of supplies.
For example, if the project’s yield is used in addition toAlthough population growth is not directly related to wa-current surface and ground water supplies, then the re-
suiting growth-inducing impacts could be different than ifter supplies, the relationship between the two can be esti-

the yield were used to replace existing supplies (such as
mated. For example, if estimates of the population sup-

overdrafted ground water basins). Also, because many ex-ported by the project’s supplies can be derived on the basis

isting supplies in the Southern California service area willof the physical relationship between water supply and

be reduced in the future (due to decreased Colorado Riv-per-capita use, the above deliveries could physically sup-

er entitlements resulting from increased diversions to theport the following population:

Central Arizona Project and the lower Colorado River In-
dian tribes, as well as redu,ctions in Owens Valley sup- Area Potmlation

plies), supplies from the proposed project are necessary North Bay 5,500
merely to maintain current water supplies. South Bay 15,000

Central Coastal 6,500

Without LBG and KWB, The SDWMP will provide about San Joaquin Valley 7,400

66,000 AF of yield to the SWP per year. If it is assumed Southern California 0

that this water would be distributed to the SWP service Total 34,400

areas in proportion to the service areas’ total entitlement,
the distribution would be as follows: Because deliveries to the Southern California service

area are needed to partially offset future losses of water
supplies, they would not be considered as supporting

Area Acre-feet "new" population.
North Bay 1,100
South Bay 3,000 Underlying this approach are a number of assumptions.

Central Coastal 1,300 First, it must be assumed that water supply from the proj-

San Joaquin Valley 21,300 ect is the only constraint to growth, and that without the

Southern California 39300 project, growth would not occur. This implies that there
Total 66,000 are no alternatives that could be implemented in the ab-

sence of the project. Also assumed is that all other re-
sources (such as land and energy) and community infra-

The Feather River service area is excluded because, as anstructure (roads, schools, police and fire protection, etc.)
of it will receive its full entitlement, with are adequate to accommodate growth.area origin, or

without the proposed project. The Central Coastal en-These assumptions seem tenuous. The assumption that
titlement assumes construction of the Coastal Aqueduct.growth would not have occurred without the project may
In the San Joaquin service area, about 88 percent of thenotbereasonablebecausetheremaybealternatives,suchentitlement will be used for agriculture, leaving a remain-as waste water reclamation and desalination, that could be
tier of about 2,600 AF for urban uses. implemented in the project’s absence. These alternatives

may be very expensive, but they may be available. Also,
For the Southern California service area, the additionaleven if the project’s supplies are delivered, other resource
supplies provided by this project should not be consideredconstraints in the service areas may limit population
as "new." In this service area, current entitlements to thegrowth. Examples include air and waste-water quality
Colorado River will be reduced 775,000 AF by year 2000standards, traffic congestion, local government, and fiscal
because of 1) increased diversions to the Central Arizonaconstraints. Given these limitations, this scenario does
Project, and 2) increased water rights awarded to the low-not provide a reasonable estimate of growth-inducing lin-
er Colorado River Indian tribes. In addition, a recent Su-pacts. However, these numbers are provided for refer-
perior Court ruling mandating drastic cuts in diversionsence only and could be viewed as the estimated maximum
from the Owens Valley into this service area may alsogrowth.
cause a reduction of up to 60,000 AF from the current wa-
ter supplies, bringing the total possible reduction toA proposed water supply project should be considered to
835,000 AF. Thus, the 39,300-acre-foot allotment thatbe growth-inducing only if it results in an increase in pop-
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ulation projections compared with what would have oc-
curred without the project. However, if population pro-

Area Acre-feet

jections canbe expected to remain the same with the proj-
North Bay 14,400
South Bay                       40,500ect, the project can not be considered to be growth induc- Central Coastal 18,000

ing.
San Joaquin Valley 290,700
Southern California 536,400

A test of whether a project will be growth inducing de- Total 900,000

pends on the availability and cost of alternatives that
could be implemented in the absence Of the project. IfThe Feather River service area is excluded because, as an
feasible alternatives are available, it must be assumed thatarea of origin, it will receive its full entitlement with or
they would be implemented in the absence of the project;without the proposed projects. The Central Coastal en-
thus, population growth will remain unchanged with ortitlement assumes construction of the Coastal Aqueduct.
without the project. However, if feas~le alternatives are Of the total for the San Joaquin service area of 290,700
not available, then the project would in fact remove a bar-AF, the urban allotment would be about 34,900 AF. And,
rier to growth, thereby allowing it to occur, as mentioned previously, the additional supplies provided

by these projects should not be considered as "new" sup-
plies in the Southern California service area because they

Alternatives are available in all of the service areas. Someare less than the amount required to compensate for fu-
of these alternatives may be very expensive (such as desa-ture reductions in current supplies (835,000 AF).
lination in coastal areas), but they are available. Because
they are available, it can be assumed that populationAs with the SDWMP, numerical estimates of population
growth would continue with or without the project; hence supported by these supplies can be derived:
no growth-inducing impacts would occur. This approach
provides an estimate of minimum growth. The actual Area Population
growth inducing impact may lie somewhere in between North Bay 72,000
the two estimates. South Bay 202,500

Central Coastal 90,000
San Joaquin Valley 99,700

The economic impact assessment follows a similar proce-
dure; that is, it assumes that alternatives are usually avail- Southern California 0

Total 464,200
able to meet projected population and economic growth,
and that if the proposed project is not built, then alterna-
fives (demand management and/or supply augmentation)Deliveries to the Southern California service area are
will be implemented. If these alternatives are more ex- needed to offset losses of current water supplies, hence
pensive than the proposed project, the impact of the proj-they would not be considered as supporting "new" popula-
ect isthe avoidance of these higher costs (see Chapter3). tion. Because of the limitations of such a numerical ap-

proach, these numbers are provided for reference only
and could be viewed as the estimate of maximum growth.

SWP Cumulative Growth-Inducing Impacts Water supply and growth-inducing impacts are discussed
in detail under "Water Supply and Growth."

The preceding discussion focused on the growth-inducingLocal Government Policies
impacts of the SDWMP without KWB or LBG. If LBG and Impact Mitigation
and KBG are assumed added to the SDWMP, along with a
wheeling-purchase agreement with Reclamation, theApproval of any growth in the service areas is the respon-

SDWMP would yield about 900,000 AF. sibility of county or city governments. If local government
decision makers in the service areas decide to allow addi-
tional urban expansion as a direct result of the project, a

If it is assumed that the yield of these projects is distrib-number of environmental impacts may occur. However,
uted in proportion to the service areas’ total SWP entitle-without control over the use of the delivered water, DWR
ment, the distribution would be as follows: has no means to accurately predict the magnitude of these

178

C--041 426
(3-041426



impacts. These impacts are more properly addressed inReclamation for 86,000 AF per year. Since then, CCWD
local general plans, comprehensive plan EIRs, and specif-has contracted for greater amounts to meet its growing
ic project EIRs. needs. The existing contract provides for an ultimate

quantity of 195,000 AF per year, commencing in 1991.
Although the decision to allow urban expansion is underThe environmental setting of CCWD is presented in
local control, DWR would offer the following suggestionsChapter 4.
to local planning agencies to mitigate the impacts from
this expansion: CCWD, which currently diverts Delta water at Rock

Slough, has been investigating alternative diversion loca-
(1) Identify and inventory quality agricultural lands, sensi-tions. These are discussed in Chapter 2 under "Related

tive habitats, and wildlife corridors within their juris- Project Components."

dictions. Determine the, priority of the inventoried Impacts of the SDWMP alternatives on water quality in
lands, based on habitat quality and development pres-the Contra Costa Canal are discussed under "Impacts on
sures. Delta Municipal and Industrial Uses." The analysis

(2) Reserve a portion of the additional revenue from de-showed that, under the preferred and other alternatives,
velopment projects and increased tax base for acquit-Decision-1485 municipal and industrial standards are met
ing sensitive habitats and wildlife corridors, at Rock Slough at all times. Engineering studies show that

(3) Provide tax incentives for maintaining agricultural water quality in Rock Slough will probably improve dur-

lands in production, ing dry and criticaIly-dry periods, compared to the no-ac-
tion alternative.

(4) The impacts of habitat isolation and fragmentation
may be alleviated by the maintenance of large contig-If CCWD should tie into Clifton Court Forebay, engi-

habitat interconnected network of neering studies show that water quality in the Contra Cos-
UOUS areas bya
unbroken wildlife corridors. These should be coordi-ta Canal could be improved substantially.
nated with adjacent counties and incorporated into Relationship of the Proposed Actionthe general plans.

to Land Use Plans
(5) Identify areas of marginal agricultural and environ-

mental value. Encourage high-density developmentThe SDWMP would be coordinated with land use plans in
in such the of fee incentives. Such the six Delta counties: Sanareasthrough use Solano,Sacramento, Joaquin,
distribution of development will allow projected Yolo, Contra Costa, and Alameda.
population increases with minimal environmental or
agricultural impacts. The Council on Environmental Quality and the Farmland

Protection Act of 1981 require federal agencies to assess,
Impacts on Central Valley Project in their EIS’s, the impacts of their actions on prime or

Service Areas unique farmland and to consider alternative actions that
could lessen those impacts. As negotiations for the
SDWMP near completion, this analysis will be accom-

The Central Valley Project service areas are discussed inplished. The Soil Conservation Service will be contacted
Chapter 4, "Environmenta! Setting." Any impacts the the’toidentify whether proposedactionor alternatives
SDWMP may have on the CVP service areas will depend would impact any lands classified as prime and unique
on Reclamation’s participation in both the CVP tie-in andfarmland.
LBG Reservoir, the extent of which is unknown. As-
sessed impacts to SWP service areas will shift, depending Energy and Capacity Impacts
on Reclamation’s participation in the LBG project.

The impacts of SDWMP on energy and capacity; total

Impacts on Contra Costa Water District generation of a plant in a given period; and maximum out-
put from the plant at any given time were reviewed in rec-

It is expected that the SDWMP may benefit Contra Costa ognition of the following:

Water District (CCWD), which was formed in 1936 to con- ¯ The points of analysis for energy conservation set
tract with Reclamation for Contra Costa Canal deliveries, forth in Appendix F of the California Environmental
In 1951, CCWD entered into a long-term contract with Quality Act guidelines.
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¯ The purposes of SDWMP include the flexibility to al- baseload. For purposes of cost analysis, these purchases
low for electrical load management, enabling the SWPcan be represented as shares in existing or future power
to take advantage of short=term bulk power marketplants. A 100-MW purchase is assumed to provide 800
opportunities. GWh of energy annually, half on-peak and half off-peak.

The potential impacts of 100 MW share of some typical
¯ DWR’s long-range energy resources and mitigationenergy resources are shown in Table 5-32.

program.

¯ SDWMP facilities and additional storage south of the A generic coal plant would probably be similar to the ex-
Delta will enable the SWP to meet. the gradual in- isting Reid Gardner coal plant in Nevada, in which DWR
crease in demands, is a participant.

¯ Operation studies and economic analysis (see Chap-Mitigation measures used in constructing and operating a
ter 3, "Physical and Operational Comparison of A1- typical coal plant include:’teruative" and "Economic Analysis").

¯ a sulfur dioxide scrubber to remove at least 85 per
To the extent that water deliveries through SWP facilities cent of the sulfur dioxide in the flue gas,
will increase due to the implementation of a SDWMP, ¯ an electrostatic precipitator to remove virtually all fiy
SWP energy requirements will also increase. However, ash from the flue gas,
inefficient, wasteful, or unnecessary energy consumption
will be avoided by measures such as water conservation,̄ boiler design to limit nitrous oxide emissions to a

energy recovery along the system, cost effective improve- maximum of 0.6 lbs/1,000,000 BTU, and

ment in machinery, and minimal use of on-peak energy.̄ dust abatement provisions for the coal handling and
Such measures are included in DWR’s energy program storage system.
and were incorporated in the economic analysis, which
also considered the high costs of energy and capacity. Overall mitigation for increased power requirements is

incorporated into: (1) environmental impact reports and

The estimated average annual increase in energy require-design features for specific water and power facilities, (2)

ments, assuming 3.3 MAF SWP demands and construc-coordination of power sources and uses between utilities,

tion of LBG and KWB, is about 800 gigaWatt hours (3) efficient use of water supplies, and (4)best use of off-

(GWh) in SWP pumping load. About 200 GWh of thispeak power supplies to delay construction of new generat-

would be recovered by SWP recovery generation on theing facilities.

aqueduct. The remaining 600 GWh would be an incre- Impacts on Navigation, Recreation,
ment to SWP system powerrequirements. These figures
are based on an increase of 172,000 AF in pumping at the and Flood Control
Banks Pumping Plant in a median year. The 600 GWh is
approximately equivalent to the annual energy that wouldComponents of the SDWMP will have some effect on

the annual output of a     navigation, recreation, and flood control. Benefits andbeusedby65,000homes,or
100-megawatt (MW) base load power plant operating atpossible impacts are discussed in this section.

68 percent of its maximum output rate. Abase load plantNavigation
is one that is intended to run almost continuously. Exam-
pies of such plants are Pacific Gas and Electric Company’sDelta channels support growing commercial and recre-
Diablo Canyon nuclear plant on the central coast or Port-ational traffic. About 5 million tons of cargo is handled
land General Electric Company’s Boardman coal plant inannually by inland ports, which serve ships coming up
Oregon. deep- water channels from San Francisco Bay. The popu-

larity of recreation is indicated by about 10,000 berths and
The specific source of 600 GWh cannot be determined atover 100,000 pleasure boat registrations in five Delta
this time; it could come from any combination of existingcounties.
power resources to which DWR has access; with intercon-
nections, these could number in the hundreds.. DWRMost Delta waterways are navigable by small craft, and
does not plan to develop any new resources to meet thisthe Sacramento River is maintained by the Corps as navi-
increase in project load. However, DWR anticipates fu- gable for 145 miles between Suisun Bay and Colusa under
ture purchases of 100-MW blocks of unspecifiedthe Sacramento River Shallow Draft Channel Project.

180

C--041 428
C-041428



Table 5-32
Potential Impacts of Energy Resources

Conventional Conventional
Oil Coal Nuclear1

Land use
square kilometers 1 1 1.5

(acres) 25-100 1,00-2,00 3,00-5,00

Cooling water required1.2
cubic hectometres , 2 2 3
(acre-feet) 1,380 1,380 2,330

Air cmissions~
(tons/year)
nitrus oxide 1,880 2,070 --
sulphur dioxide 4,210 11,290
particulates 143 18,434
hydrogen sulfide -- --

1The larger land area (5,000 acres) is required if evaporation ponds are used for blowdown.
2For evaporative cooling towers.
aAnnually.

Depths of 10 feet are provided below Sacramento, 6 feetThe benefits and possible impacts to navigation are sum-
from Sacramento to Colusa, and 5 feet from Colusa tomarized below.
Chico Landing. In addition, the authorizing document for
Shasta Dam provides minimum releases of 5,000 cfs toBenefits:
maintain navigation depths; however, releases for other̄ Water levels are raised in south Delta channels.
CVP uses generally exceed this minimum requirement

¯ Channels are deepened and widened.
¯ Summer-time channel velocities are reduced near

The SDWMP will have negligible effect on deep-water the forebayintakegates.
channels, and therefore will not impact most of the com-
mercial navigation. There is, however, a potential to af-Impacts:

¯ Temporary closing of certain reaches of channels andfect a very smallamountof commercialnavigation,con-
sisting of such traffic as sugar refinery barges and equip- rerouting due to construction.
merit and material barges for construction and repair.
Barges will still have access to the same areas, but travel̄ Some loss of travel time due to boat locks.

time may increase. The barrier-type facility on Grant Recreation
Line Canal will have either a permanent opening or boat
locks to accommodate this type of traffic. The SDWMP will provide for increased recreational op-

portunities in the Delta. Increased channel access
through higher water levels and increased channel sur-

Some channels in the south Delta have inadequate waterface area through channel improvements will add to the
levels, thereby exposing shoals, mud fiats, and submergedareas available for boating and fishing. Construction of
debris. This restricts recreational use and can cause haz-barrier-type facilities and an improved forebay may en-
ards for boaters in the area. Impacts on recreational useable greater public access to the Delta waterways.
are discussed in greater detail in the following section.
The SDWMP has the potential to significantly improveThe Delta provides a variety of public recreational oppor-
recreational boating, tunities including fishing and motor boating (see discus-
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sion in Chapter 4, "Environmental Setting"). A draft re- south Delta, but recreationists would have reduced mobil-
port by Reclamation titled Draft South Delta Recreation ity and those in the similar groups would be limited to par-
Study, 1988, estimates that more than 14,000 people useticipating in compatible activities. Existing commercial
the south Delta region on a typical summer Sunday. Ap-and private developments might have to adapt their oper-
pendix L contains a summary of this report, ations to new recreational patterns. Visitors would have

to be educated on the proper uses of any special areas,
However, the report also states that public recreationaland law enforcement might be needed for regulation.
opportunities in the south Delta are limited because of in-
sufficient facilities. Such public facilities as parking, boatThe SDWMP may impact recreational opportunities in
launch ramps, camp units, and picnic areas are very lim-Oroville Reservoir. Since SWP exports vary under the
ited in the south Delta, causing the demand for public rec-no-action alternative and other alternatives, including
reation in the south Delta to far exceed the supply, the preferred alternative, the operation of Oroville and

San Luis reservoirs changes. This variation in reservoir
Water-related Delta activities depend on adequate wateroperation will be reflected in changes in water surface ele-
levels in the Delta channels; however, Delta water levelsvations and the subsequent changes in recreational op-
tend to be fairly consistent from year to year. During the portunities. Recreation use in these reservoirs is directly
drought of 1976-1977, while reservoirs throughout therelated to water levels, boating being one of the most pop-
State were extremely low, the Delta maintained about theular activities. In 1987, Oroville Reservoir had over
same water levels and recreational opportunities as in800,000 recreation days of use, while San Luis Reservoir
other years. However, some areas in the south Delta arehad almost 350,000 recreation days of use.
generally inaccessible to motor boating because of con-
stricted channels. There are two marinas and four boat ramps at Oroville

Reservoir and two boat ramps at San Luis reservoir. The

The SDWMP includes proposed barrier-type facilities on water surface elevation required for these facilities to be
usable and the frequency at which they could be usedOld River, Grant Line Canal, and Middle River, and an

improved forebay. The construction and maintenance offrom June through September under the no-action, the

these facilities may provide opportunities for the installa-preferred, and the other alternatives is shown in Table

tion of such recreational facilities as overnight sites, picnic5-33. The table indicates that recreational bpportunities

areas, boat ramps, and beach areas. The operation of theat San Luis reservoir will be unaffected, but those at

barrier-type facilities will raise water levels in the southOroville Reservoir for the preferred alternative and the

Delta, perhaps allowing greater boat access to constrictedother alternatives will decrease.

side-channels.
No-Action Alternative. Under the no-action alternative,
recreational opportunities in the south Delta will remainThe facility on Grant Line Canal will allow the passage of
sharply limited. Demand for recreation in the Delta, cur-boat traffic in either direction. This may be accomplished rently exceeding supply, will continue to increase as thethrough a boat lock or by a permanent opening in thepopulation of the Deltaareagrows.structure. This will maintain accessibility to Old and

Middle rivers, but may require additional boat travel timeThe boat ramps at San Luis Reservoir will continue to be
and cause delays. Operation of a boat lock would be inusable in almost all years. The boat ramps at Oroville
concert with the barrier-type facility (which operates on Reservoirat Bidwell Canyon, Lime Saddle, Loafer Creek,
tidal fluctuations) and may affect the timing of recreation- and the spillway will be usable approximately 85, 86, 86,
al activities, and 92 percent of the time, respectively, during June

through September. The marinas at Bidwell Canyon and
The most popular recreational activities in the south Del-Lime Saddle will be usable some 85 and 86 percent of the
ta, motor boating and fishing, at times conflict. This cantime, respectively, during the March through October.
result in unpleasant experiences, safety problems, and the
endangering of private property. By restricting boat pas-
sage, the barrier-type facilities may provide opportunitiesPreferred Alternative. Under the preferred alternative,
tocreatespecialareasfor compatible recreation uses by recreational opportunities in the south Delta will in-
separating conflicting activities. This might also makecrease. Channel improvements in Middle River from
possible a greater diversity of recreational activities in theWoodward Canal to the Santa Fe Railroad will provide for
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Table 5-33
Impact of Alternatives on Boating in Lake Oroville and San Luis Reservoir

(Based on 57-Year Study with 3.3 MAF SWP Demands)

Required Percentage of Time
Facility Water Level (ft) Facilities Usable (June-Sept)

No-Action [ Preferred ]    Other
Oroville Reservoir

Boat Ramps
Bidwell Canyon 781 85 ...... 73 ._o 73
Lime Saddle 775 86 74 74
Loafer Creek 775 86 .... 74 74
Spillway 725 92

~
89 89

Marinas
Bidwell Canyon 781 85 ~_. i~ ......73 _ 73
Lime Saddle 775 86 .... 74 74

San Luis Reservoir
Boat Ramps                                                         -

Dinosaur 325 100          1130 100
Basalt 350 100 100 100

more boating and fishing. The construction and operationOtherAlternatives. All the other alternatives will have rec-
of barrier-type facilities and an improved forebay may reational impacts on the Delta, Oroville, and San Luis
provide increased access to the Delta waterways, reservoirs similar to those for the preferred alternative.

Flood Control
The barrier-type facilities may allow for special recre-
ation areas, which might increase the enjoyment and safe-The SDWMP will not have negative effects on flood con-

ty of recreation in the south Delta. The operation of the trol in the south Delta. Although local velocities may at

barrier-type facilities will raise the water levels in the times increase near the intake gates, levees are not ex-
pected to erode (see discussion under "Impacts on Chan-southernchannels,perhapsallowingincreasedboating

access to some side channels. Boats in Grant Line Canalnel Velocities, Scour, and Siltation," and "Impacts on

may be required to pass through a boat lock, perhaps ira-Cross-Delta Flows and on Levees.") The program will,

pacting motorboat mobility and causing some travel de-however, provide the following significant flood control

lays, but it is expected that the overall effect on recreationbenefits:

in the south Delta will be positive. ¯ Channel enlargements will provide better capacity for
flood flows.

¯ New levees will be constructed to higher standards;Under the preferred alternative, boating access at San
existing levees affected by the SDWMP will be up-Luis Reservoir will be unaffected since the boat ramps

should remain accessible in virtually all years. At Oroville graded.

Reservoir, however, access to the boat ramps will be re- Other Considerations
duced. The boat ramps at Bidwell Canyon, Lime Saddle,
Loafer Creek, and the spillway will be accessible some 73,The analysis of environmental impacts in this chapter
74, 74, and 89 percent of the time, respectively, duringused statewide operation studies and Delta studies, which
June through September. The marinas at Bidwell Canyonassumed cumulative storage in LBG Reservoir and KWB
and Lime Saddle will be accessible about 73 and 74 of 2 3 MAF for the SDWMP alternatives. Ifper- to storage
cent of the time, respectively, during March through Oc- south of the Delta should increase with no assumption of
tober. Delta facilities beyond those in the various alternatives,
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the statewide operation studies and Delta studies wouldImpacts on Wildlife and Wildlife Habitat. Under the pre-
yield results similar to those completed. It is expectedferred alternative, Clifton Court Forebay will be enlarged
that the analyses of environmental impacts would yieldby about 3,000 surface acres. Agricultural land in the
results close to those discussed in this chapter. If addi-projectareawillbepurchasedandconvertedforuseinthe
tional storage south of the Delta were assumed, opera-forebay expansion. Channel enlargement will include de-
tional considerations to protect fish could be implem-sign to provide berm habitat by levee setback. Losses of
ented to provide additional benefits for fish. If LBG and wildlife habitat will be fully mitigated through adoption of
KWB are not constructed, the SDWMP could still provide a wildife management plan for Sherman Island or for oth-
additional operational flexibility for SWP diversions thater appropriate locations.
could be used to benefit Delta fisheries. However, this
benefit would be less than that resulting from construc-Impacts on Salmon and Steelhead. Under the preferred al-
tion of KWB and LBG. ternative, changes in Sacramento River flow and SWP ex-

ports may cause some negative impacts to migrating salm-

The statewide operation studies and Delta studies used inon and steelhead. The barrier on Old River at the conflu-

the analysis of environmgntal impacts in this chapter as-ence of the San Joaquin River will improve San Joaquin

sumed SWP demands of 3.3 MAF. As SWP demands in- River salmon migration.

creasewith time,withoutmitigation,the SDWMP, along Direct impacts of the Delta complex on salmon are calcu-
with LBG and KWB, could gradually reduce the fishery lated by a fish loss model. The preferred alternative re-benefits that will be gained through implementing thesuited in slightly greater losses of Chinook salmon com-SDWMP.

pared to the no-action alternative.

Summary of Impacts Impacts on Resident Fish. Direct impacts of the preferred
Under the Preferred Alternative alternative on resident game and non-game fish were eva-

luated. Two species of resident game fish (black crappie
Impacts under the preferred alternative were determinedand bluegill), and two non-game fish (threadfin shad and
for the following: yellowfin goby) were impacted. However, the impacts

were found to be insignificant. All of the other resident
Energy Impacts. To the extent that water deliveries fish evaluated, including Delta smelt, will benefit from

through SWP facilities will increase due to implementa-implementation of the SDWMP.

tion of the SDWMP, SWP energy requirements will also
Impacts Evaluated with Insufficient Informationincrease. The estimated average annual increase in ener-

gy requirements is about 800 GigaWatt hours (GWh).to Determine Significance

About 200 GWh of this would be recovered by SWP recov-
ery generation on the aqueduct. Operational flexibilityImpacts on Archeological and Cultural Resources. There are

achieved by implementation of the SDWMP will also par- a great many archeological sites within the legal Delta.
Many exist in agricultural areas where it is considered im-tially offset SWP energy requirementsthroughuseof

both off-peak energy and short-term bulk power avail-practicable to avoid a site when conducting farming opera-

able in the market, tions. The channelization of the Delta waterways, the ex-
tensive levee system, and intensive agricultural practices
disturbed many areas before any archeological surveysConstruction Impacts. Impacts due to construction of the could be conducted.project components are temporary and consist of:

Archeological sites are characterized as mounds of soil on¯ increased traffic in the project area; natural levees containing a variety of artifacts, including

¯ increased noise levels; unbaked clay shards, fresh water fish bones, stone chips,
and human burials.

¯ disturbed vegetation in the project area;
Archeological and cultural resources information centers

¯ possible disrupted local utilities; and for San Joaquin and Contra Costa counties were con-
tacted. In San Joaquin County, seven cultural resources

¯ increased dust and turbidity in the project area. are located within one mile of the project area. In Contra
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Environmental Commitments

I DWR or Reclamation are committed ¯ obtain necessaryfederalandState regulatorypermits.
to the following:

¯ make available the option for improved water supplies

i ¯ negotiate with DFG according to Article VII of to the Contra Costa Water District through interconnec-
the existing Banks Pumping Plant Fish tions.
Agreement to identify additional protective
measures for the Bay-Delta estuary.

i ¯ operateSWPunderthepreferredaltemativetonotcon-

¯ negotiate with SDWA to protectlocal agricul- flict with any requirements imposed on DWR by the

tural water diversions, local water quafity,         State and federal Endangered Species Acts.
and local waterlevels.I ¯ operate the CVP in such a manner that it will notjeopar-

¯ seek Congressional authorization for con- dize the continued existence of any listed species.

struction of mitigation and enhancement fa-I cilities. ¯ reduce predation in Clifton Court Forebay by removing
predators and providing intermittent direct diversion

DWR or Reclamation are committed to fur-           from Italian Slough into the fish protective facility.

i ther define and implement the following as
part of the SDWMP:

¯ complete the Class III Cultural Resources Survey for the
¯ continue existing--and, if necessary, ex- selectedalternatives, ifanystitesarefoundtobeeligi-

I pand-- monitoring programs for sedimenta- hie for the National Register and cannot be avoided, a
tion, scouring, seepage, water quality, and mitigation plan will be developed.
the effectiveness of mitigation plans.

DWR or Reclamation are also committed to:

¯ provide improved forecasting for Delta water supply¯ mitigate for wildlifehabitat lossesbyadopt-
ing a wildlife management plan on Sherman conditions for local agriculture.
Island or other locations as appropriate.

¯ construct facilities to improve flows in the San Joaquin
¯ maintain existing channel berm habitat, and River to improve survival of young salmon.

include design to provide additional berm

I habitat by levee setback. ¯ provide interim releases from New Melones Reservoir
for improvement of both water quality and fisheries.

¯ mitigate for construction impacts, including
using flagmen and off-peak hours for trans- ¯ advance statewide water conservation and reclama-
portation and replanting impacted vegeta- tion programs that could lessen the demand on Delta
tion. water suppfies.

I ¯ mitigate for energy impacts, including best in team for winter-run salmn¯ participate recovery and
use of off-peak energy supplies, and to miti- obtain appropriate agreements or permits..
gate for any new power facilities.

I ¯ comply with future Delta standards set by SWRCB as
¯ perform comprehensive testing of dredged the result of its current hearings.

materials if used for enhancement of existing
levees or construction of new levees.I ¯ operate the CVP in compliance with Delta water quality

standards set by SWRCB as a result of its current hear-
¯ continue actMties that contribute toward mit- ings, provided that the required operatiion complies

I
igation for cumulative impacts of the project, with Congressional directions.

I
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Costa County, four prehistoric archeological sites are inIncluded in the purpose of the SDWMP are objectives to
the project area. improve Delta conditions; therefore, mitigation and en-

hancement features are an integral part of this planning.
The design and/or specifications of the alternative actionsCoordination between this program and other DWR
will include avoidance of known archeological and cultur-planning activities, such as North and West Delta Water
alresources sites. A Class II archeologicaland cultural re- Management Programs, will provide environmental
sources survey by specialists from Reclamation field sur-benefits. To further environmental protection, DWR and
veys is now under way. An investigation is being con-Reclamation are also negotiating an agreement with DFG
ducted to evaluate specific cultural resources in the proj-to provide Delta mitigation and various measures. A1-
ect area. Very possibly, undisturbed archeological andthough this agreement has not yet been completed, a list
historical cultural resources are within or near the pro-of potential mitigation measures has been identified.
posed project area. The law requires that if cultural re-
sources are found during project-related activities, allOther aspects of mitigation discussed for this project in-

work is to cease and the lead agency and a qualified arch-clude measures for short-term construction impacts and
eologist are to be contacted for an evaluation of the find.ener~ impacts.

Sites that cannot be avoided should be evaluated for theirMitigation for cumulative impacts related to the Delta is

significance and eligibility for listing in the National Reg-discussed in Chapter 6. This includes such measure as

ister of Historic Places, pursuant to Section 106 of the Na- compliance with Decision D-1485 protective standards,

tional Historic Preservation Act. If it is determined that federal protection under the COA, Suisun Marsh Protec-

adverse effects will occur to sites which meet the criteria tion, funding for the Interagency Ecological Study Pro-

of the National Register, the State Historic Preservationgram, and implementation of the Banks Pumping Plant

Officer will be consulted so that acceptable mitigationFish Agreement for the Harvey O. Banks Pumping Plant.

procedures can be developed. The SDWMP will correct the low-water problems that
the SDWA experiences a few times during each irrigation

Impacts on San Francisco Bay. The impacts of pulse flows season. The proposed method of project operation will
and Delta outflow on the San Francisco Bay estuary arealso correct the existing circulation problems. Proposedstill not completely understood. Overall, the preferredintegrated facilities that will provide for mitigation mea-alternative produces minimal changes in outflow pulse

sures are as follows:characteristics and slightly decreases annual Delta out-
flow as compared to the no-action condition. How Delta¯ Mitigation and enhancement barriers are pro.posed at
outflows under the preferred alternative affect San four locations to improve water levels and circulation
Francisco Bay biological resources is unknown, for local agricultural use and to improve water quality,

temperature, dissolved oxygen, and flow patterns for
Mitigation Measures fish. These patterns, discussed in. Chapter 2, are in-

Objectives of the SDWMP include improvement of exist-
cluded in the preferred alternative.

ing conditions in the south Delta; therefore, mitigation̄ The barriers are a major portion of the proposed

and enhancement features are an integral part of south agreement between SDWA, DWR and Reclama-
tion. A temporary rock barrier installed in MiddleDelta planning.
River during the irrigation seasons of 1988 and 1989

Mitigation for Delta Estuary Impacts has improved both water levels and water quality. A
new siphon was constructed and dredging completed

A major purpose of the SDWMP is to improve and main- for Tom Paine Slough as a mitigation measure.
tain water levels, circulation patterns, and water qualitȳ The ability to relocate the federal intake to Clifton
in the south Delta. Court Forebay and increasing the size of the existing

forebay will improve water levels in the south Delta
This section discusses the various categories of Delta miti- channels.
gation applicable to the SDWMP. These are in addition to

¯ A forebay modification for intermittent diversions
the Delta protective measures discussed in Chapter 1 and from Italian Slough directly into the fish protective
other mitigation measures discussed in Chapetr 6. facility will significantly reduce present striped bass

186

 --041 434
C~-041434



and salmon predation impacts within the existing ¯ Negotiations to expand the existing Banks Pumping
forebay. Plant Fish Agreement for the Banks Pumping Plant

are in progress under Article VII of that agreement.
¯ Levee setbacks will be used to provide channel en-

largements. A new levee will be constructed and the The principal negotiators are DWR, DFG, and Recla-

old levee will be breached and made into a new chan- mation. To date, the negotiators have identified a

nel island. Levee setbacks will provide new high-qual- number of promising mitigation ideas, which are listed

ity fish and wildlife habitat, added shoreline, shaded below. Some may be funded to add to the mitigation

riverine habitat, additional local flood protection, and provision for the SDWME

increased channel capacity. ¯ Study and test Delta Cross Channel gate closures to
move striped bass down the Sacramento River.

¯ The analysis of impacts caused by the SDWMP as-
sumed the constructiorl and operation of the pro-̄ Study and test the concept of using pulse flows from

LBG Reservoir and KWB as of the Shasta, Oroville and Folsom lakes to move bothposed part
SDWMP. The results showed reduced project impacts striped bass and salmon downstream.
to striped bass by 1) reducing reverse flows and export
in May, June, and July, and 2) improving water quali-̄ Continue support for studies on the effect of temper-

ty in April and May. If LBG and KWB are not con- ature and flows and how project operations might be

structed, the SDWMP will still provide increased op- improved to benefit fish and wildlife.

erational flexibility. ¯ Install temporary barriers and monitor benefits to fish
and wildlife.

¯ Interim New Melones releases will provide improved
water quality for south Delta agriculture and fish, ¯ Improve existing fish facilities at Tracy and Banks
along with important instream fishery benefits in the Pumping Plants.
Stanislaus and San Joaquin rivers. These releases are
proposed as part of the SDWA contract. A long-term

¯ Study the feasibility of relocating and consolidating
Delta agricultural diversions. The proposal for a wild-

program to provide for New Melones releases into the life management plan on Sherman Island with poten-
south Delta is being studied under the Stanislaus and tial different water demands may allow curtailed dver-
Calaveras Conjunctive Use Program, which is de- sion during the striped bass spawning period. With

possible changes in land use, other islands might cur-scribed Chapter6.

¯ Proposed acquisition and development of wildlife tail diversion.

areas in the west Delta will result in better land use¯ Support increased State and federal funding for miti-
management and reduce or stop island land subsi- gation studies and projects.
dence. This will permit rehabilitation of poor levees
and make the island more secure. This will also in-̄ Transport young fish by truck or barge to increase sur-

of Delta vival. Eliminate reverse flow in the Lower San Joa-creasethe reliability water quality.
quin River during the striped bass spawning period

¯ Water management activities are to reduce SWP ex- by implementing the North Delta Water Management
port buildup rates. By 2010, DWR expects that ex- Program.
traordinary conservation water management actions¯ Support the feasibility of installing fish screens on oth-
will be needed to reduce demand 400,000 AF to ac- er large Delta diversions.
count for shortages that may occur 10 percent of the
time. Water reclamation is assumed to add 200,000 AF̄ Continue to improve striped bass hatchery popula-
of supply. Also, water savings by lining of the entire tions and expand stocking program.
All American Canal and the remaining unlined por- ¯ Continue to improve grow-out facilities at the Skinnertion of the Coachella Canal should make up to 117,000

Fish Facility.AF available annually to the South Coast Region. All
of these measures will reduce the demand for water¯ Support studies to improve techniques to better de-
from the Delta. In addition to these DWR tect of bass and lar-measures, largemasses(clusters) striped eggs
is continuing to advance the major water conservation vae as they drift downstream and approach major
programs discussed in Chapter 3. water intakes.
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Energy Mitigation plans no new resource to meet this increase in project
load. In its resource planning, however, DWR projects

To the extent that water deliveries through the SWP sys-future purchases of 100-MW blocks of unspecified gener-
tern are increased by implementation of the SDWMP, icbaseload. For costing purposes, these blocks represent
State Water Project energy requirements will also in-shares in existing or future coal plants.
crease. Inefficient, wasteful, or unnecessary energy con-
sumption will be avoided by such measures as water con-Mitigation measures employed in constructing and oper-

servation, energy recovery (estimated at 700 GWh) alongating a typical coal plant include:

the system, cost-effective improvement in machinery,¯ A sulfur dioxide scrubber to remove at least 85 per-
andminimaluseof on-peakenergy.Suchmeasuresare cent of the sulfur dioxide in the flue gas.
included in DWR’s energy program, and were incorpo-
rated in the economic analysis, which also considered thē An electrostatic precipitator to remove virtually all of
high costs of energy and capacity, the fly ash from the flue gas. Improve the boiler design

to limit nitrous oxide emissions to a maximum of 0.6
The remaining 600 GWh required would be an increment Ibs/1,000,000 BTU.
to SWP system power requirements. These figures are
based on an increase of 172,000 AF in pumping at the

¯ Dust abatement provisions for the coal-handling and

Banks Pumping Plant in a median year. The 600 GWh is storage system.

approximately equivalent to 100 MW of base load powerOverall mitigation for increased power requirements is
plant running at 65 percent capacity, incorporated into: 1) environmental impact reports and

design features for specific water and power facilities, (2
The specific source of 600 GWh cannot be determined atcoordination between utilities of power sources and pow-
this time. It could come from any combination of existinger uses, 3) efficient use of water supplies, and 4) best use
power resources to which DWR has access, which, with in- of off-peak power supplies to delay construction of new
terconnections, could number in the hundreds. DWRgenerating facilities.

!
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Chapter 6. CUMULATIVE IMPACTS

This chapter discusses cumulative impacts on the San Table 6-1
Francisco Bay-Delta estuary, including the South Delta General Effects of SDWMP on Past and Present
Water Management Program (SDWMP), cumulative ira- Bay-Delta Estuary Cumulative Impacts
pacts of State Water Project (SWP) deliveries in the serv- General Area
ice areas, and potential mitigation measures for cumula- Affected Effects of SDWMP
tive impacts. Federal, State, and local planning, as well as
other projects related to the Delta, are also discussed. Reclamation Provides for added wetlands

through design modifications and
In general, cumulative impacts refer to two or more indi- mitigation.
vidual effects that are significant when considered to- Delta flooding Some regulation offlood flows and
gether, or that compound or increase other environ- increased channel capacity.
mental impacts. Cumulative impacts from several
projects are changes in the environment that result from

Population No change.

the incremental impact of the project when added to Pollution and Improved local and SWP water

other closely related past, present, and reasonably fore- water quality quality from interim New Melones

seeable future projects. Cumulative impacts can result releases. Also improved circula-

from individually minor, but collectively significant, pro- tion.

jects taking place over time. opportuni-Recreation Increasedrecreational
ties and access.

General Impacts of Past and Fish & wildlife Reduced impacts to striped bass;
Present Development better flow for down-patterns

stream San Joaquin River migrat-
Many forces affect the complex Bay-Delta estuary envi- ing salmon.
ronment. Changes have occurred in six general areas: Delta Improved water levels. Minorhydrology

¯ Bay and Delta land changes, reclamation, and flood-
changes to outflow.

ing; Bay hydrology Minor effect on outflow surges.

population;
and only about 150 miles of tidal and submerged lands re-

¯ pollution and water quality; main unchanged. Of this, almost half, mostly along the
southern sections of San Francisco Bay, was originally re-

¯ recreation; claimed for salt ponds. Large areas in the north and south
bays have been reclaimed for airports. Thus, reclamation

¯ fish and wildlife; and has cumulatively reduced valuable riparian and wetland

¯ Delta and Bay hydrology, habitat for many Bay-Delta species.

Implementation of the SDWMP would be associated pri- The SDWMP will provide a more valuable natural ripari-
marily with cumulative effects on the last three areas;an and wetland habitat by the following three methods:

however, all six areas are discussed, because the relation-First, the design of facilities will recognize the importance
ships between them are complex and interwoven, q2d~leof natural habitat. Channels will bc enlarged by construct-

6-1 summarizes general effects on the San Francisco Bay-ing new setback levees on agricultural lands, and main-
Delta Estuary that would result from implementation oftaining the old levee as a new channel island. This will
the program, provide numerous miles of new habitat, as well as a new

channel and water areas.
Reclamation. In 1850, there were about 300 square miles
of marshlands and more than 250 square miles of tidal andSecond, as facilities are designed, recreational needs will
submerged lands in San Francisco Bay area. Due to rccla-be considered, and both the land and opportunity for ad-
mation, little more than 75 square miles of marshland,ditional recreational uses will be available. New channels
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and berm islands will also provide opportunities for natu-capable of accepting flood water, thereby reducing flood
ral areas and recreation, flows.

Third, the proposed mitigation land areas on Sherman Is-Population. Population of the San Francisco Bay-Delta
land will restore part of a large Delta island to more natu- area has risen from 5.8 million in 1980 to 6.3 million in
ral vegetation and wetlands. 1985, an 8 percent increase. An increase to 7.9 million in

2010 has been forecasted--a growth of 26 percent. This
Delta Flooding. In its natural environment about 140 years population growth will affect, water supply and demand,
ago, the Delta consisted of tidal swamp, overflow lands,water quality, air quality, plant and animal life, noise pol-
and grasslands covered with dense growths of tules andlution, land use, housing, and esthetics. Population in-
other water-loving vegetation. It was subject to intermit- creases in local service areas are discussed in Chapter 5.
tent intrusion of ocean salts during the dry summerNone of the SDWMP facilities or proposed operations
months of lean water years and to uncontrolled floodingwill affect population forecasts.
during winter and spring.

Pollution and Water Quality. Overall, the Interagency
Over the years, the former swamplands of the Delta have Delta Health Aspects Monitoring Program studies have
been transformed into some 50 man-made reclaimed is-shown the Delta to be an acceptable source of water,
lands and tracts, largely devoted to farming. By 1930, allwhich, when treated, meets existing drinking water stan-
swamplands considered feasible for reclamation had beendards. In the future, however, water exported from the
leveed and were being farmed. Delta may be more difficult and expensive to treat if ex-

pected new water quality standards are adopted. Also, ex-
The fertile Delta islands are defined by more than 1,000port water quality could possibly be improved by certain
miles of levees that protect nearly 500,000 acres of pro-proposed new construction, such as enlargement of Clif-
ductive farmland. Maintaining this fragile levee systemton Court Forebay, and by water project operations in the
has been a continuous problem since the original rec~ama-Delta.
tion began in the 1890s; more than 100 levee failures have
occurred since then. Even with today’s constructionThe major source of Delta inflow is the Sacramento

equipment and improved governmental assistance, thereRiver, which drains the Sacramento Valley. This includes
have been 24 levee failures since 1980. Reclamation of in-rice field drainage containing pesticides. During the rice-

undated islands has become so expensive that in somegrowing season, up to one-third of the Sacramento River
cases they have been left flooded (Franks Tract, lowerinflow can consist of rice field drain water, and during
Sherman, Little Franks Tract, Big Break, and Mildred Is- very wet years, Valley drainage can enter the Delta and
lands). To date, State and federal disaster assistance haveCache Slough via the Yolo Bypass system.
provided $65 million to repair levee breaks. Some adverse
effects of levee failures include: The San Joaquin River is the second major tributary pro-

viding Delta inflow. The river carries considerable salts

¯ degradation of Delta water quality; from irrigation drainage and other sources in the San Joa-
quin Valley.

¯ loss of agricultural production; The San Joaquin River has been the subject of recent con-

¯ major disaster fund expenditures; cern regarding its effect on Delta water supplies. Data
collected by the Department of Water Resources (DWR)

¯ loss of wildlife habitat and effects on fish; and from other sources indicate that San Joaquin River
water is not higher in pesticide concentrations than that of

¯ urban damage; and other streams tributary to the Delta, such as the Sacra-
mento River. Pesticide levels in water samples from all

.¯ disruption of utilities, gas well production, and high-streams measured were far below established drinking
way traffic, water limits. Selenium data collected by DWR and the

U.S. Geological Survey (USGS) demonstrate that the San
TheSDWMP facilitieswill provide for increased channel Joaquin River is not now significantly degrading Delta
capacities and levee improvements in some areas. Thewater supplies, although the possibility of future adverse
enlarged forebay, with winter banking operations, will beimpacts cannot be dismissed.
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Near the Delta, more than 50 municipal and industrialand quality of water. The following programs and studies
waste dischargers release about 453,000 acre-feet (AF) ofdescribe the efforts being made to assure water quality
waste water annually. In addition, drainage from Deltaprotections and water supply benefits.
agriculture totals over 1 million acre-feet (M/W) annu-
ally. The SDWMP will help improve water quality in the south

Delta and at the export pumps by moving Clifton Court
The rate of flow of uncontrolled direct surface runoff en- Forebay intake gates further north to Middle River. This
tering San Francisco Bay is nearly the same as the flowwill result in a greater portion of SWP export coming from
rate of municipal and industrial waste water (975 cubicthe Sacramento River. According to the DWR report The
feet per second [cfs] vs 790 cfs). However, several times as Delta as a Source of Drinking Water: Summary of Monitor-
much enters San Francisco Bay via direct sur- ing Results 1983 to 1987, dated January 1989, the Sacra-pollution
face runoff; therefore, this is the largest single source ofmento River, upstream of the Delta Cross Channel, has a
pollution. On the other hand, certain parameters, such aslower THMFP and lower brominated formation potential
5-day biological oxygen demand (BOD) and nitrogenthan any other monitored location in the Delta. Flexibil-
loadings, are, as expected, much higher from waste waterity to take advantage of short-term and seasonal availabil-
sources, ity of good-quality water can also enhance water quality.

Sound water resources management requires compre-The West Delta Water Management Program (WDWMP) will
hensive data collection to enable understanding of factorsimprove the levees protecting Sherman Island, thus re-
that can adversely affect water quality. Toward this goal, ducing the possibility of salinity intrusion into the Delta
DWR, in cooperation with other agencies, initiated thedue to island flooding. WDWMP also proposes to change
Interagency Delta Health Aspects Monitoring Program in the land use of Sherman Island from agriculture to wild-
1983. life habitat. This change would reduce or eliminate subsi-

dence, helping to reduce island flooding potential.
This program is vital to fulfillment of DWR’s mission of THMFPs in the west Delta would also be reduced be-
water resource planning and drinking water protection incause: 1) the potential for salinity intrusion from the Pa-
California. The program was developed in response tocific Ocean (a source of THMFPs) due to Sherman Island
recommendations by a scientific panel appointed by theflooding will be less and, 2) less agricultural drainage wa-
DWR Director to assess the quality of Delta water sup- ter, which has a high concentration of THMFPs, would be
plies as it affects human health. The program focuses onreleased into the Delta channels due to the change in land
sodium, bromide, selenium, asbestos, trihalomethaneuse.
precursors, and pesticides, all of which are important be-
cause of their potential effects on public health. The North Delta Water Management Program (NDWMP)

reverse the Delta. This will improvewill reduce flow
The SDWMP will provide flow control structures to in- water quality in the Delta by directing more Sacramento
crease operational flexibility and improve Delta waterRiver water directly through the central Delta to the ex-
quality. In addition, cumulative programs, such as inter-port pumps instead of around the western end of the Del-
im releases from New Melones Reservoir, will help im- ta where it mixes with saline ocean water before flowing
prove water quality through increased flow and circula- into the central Delta. This will reduce TDS, C1, and
tion. THMFP of exported supplies.

Additional discussion of toxics and pollution is presentedUnder low-flow conditions, the Sacramento River has
in the section, "Fish and Wildlife." about 215 ppb THMFP, with a brominated fraction of

about 6 percent. Water in the western Delta near Sher-
Drinking Water Quality. The preferred alternative in con- man Island has about 1,000 ppb THMFP, with a bromi-
junction with other programs will have additional waternated fraction of 90 percent.
quality benefits for drinking water supplies. The interre-
lationship of water supply planning and the Delta as aSenate Bill 34 (SB 34) allocates funds to protect Delta is-
source of drinking water is recognized by DWR and otherlands from flooding and provides protection against
water agencies. Numerous water resources programs andshort- and tong-term water quality degradation in the
studies have been initiated to understand this relationshipDelta. If a levee fails and a large Delta island becomes
and to implement projects that will improve both supplyflooded during an extended low-flow period, salty water
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from Suisun Bay could be drawn into the Delta. This¯ ProposeddrinkingwaterstandardsforTHMsanddis-
would adversely affect Delta water quality and diversions infection by-products may necessitate modifications
for the SWP and the CVP, and extra releases from up- in drinking water treatment processes or in the opera-
stream reservoirs would be required to flush out the salts, tion of Delta export facilities.
If the levee is repaired and the flooded island pumped out,̄ Data from a few Delta island agricultural drains sug-
effects on project operation would be short term. Such gest that peat soils contain high concentrations of or-
short-term water quality problems do not occur ff a levee ganic THM precursors. Organic THM precursors are
breaks during periods of high winter flows, which would also carried into the Delta by river inflows and saltwa-
keep salt water out of the Delta. ter intrusion.

If a flooded island is not reclaimed, long-term water prob-¯ Bromides enter the Delta during episodes of saltwa-
lems could affect the SWP and the CVP. Evaporation ter intrusion and increase brominated THM produc-
from a flooded island exceeds the consumptive use ofagri- tion. The San Joaquin River is a fresh water source of
culture by up to 2 feet per year. Permanent flooding of bromides, the origin of which is unknown. Bromi-
certain western Delta islands could increase salinity intru- nated THMs can be difficult to treat because they
sion and cost the projects additional water to maintain wa- readily form during conventional disinfection pro-
ter quality, cesses.

A Contra Costa Canal interconnection with Clifton Court ¯ Pesticides and industrial chemicals are infrequently

Forebay would provide better quality water to Contra detected in Delta water. When detected, concentra-

Costa County. The additional benefits described for the tions have been very low and do not exceed drinking

SDWMP could alsobe made available to the Contra Cos- water standards.

ta Canal intake. ¯ Sodium is rarely a problem in Delta export water, ex-
cept to people on very strict low-sodium diets. How-

The New Melones Co~unctive Use Program will help ira- ever, during low Delta outflows, sodium concentra-
prove water quality in the south Delta by increasing flows tions may rise to levels of concern to those with
in the San Joaquin River during dry and critically-dry moderate sodium restrictions.
years. Two central valley water agencies have firm water
rights to 49,000 AF of New Melones water and 106,000 AF¯ Asbestos fiber counts are often high in Delta water.
of interim water. Current negotiationsbetween these two However, properly operated water treatment facili-
agencies and DWR involve release of this water into the ties can meet the proposed drinking water standard

San Joaquin River during dry and critically-dry years in for asbestos.

return for state cost sharing in building water transfer fa- ¯ Selenium is barely measurable in Delta export water.
cilities to transport the water from New Melones Reset- The San Joaquin River does contain measurable
voir to the two water agencies during normal and wet amounts of selenium, but it does not exceed drinking
years. The increased San Joaquin River flows will dilute water standards. During a sampling study period from
the concentration of contaminants in the San Joaquin 1984-1987, selenium values never exceeded the
River and Delta, thus improving water quality, drinking water standard of 10 mg/1 at any of the ID-

HAMP stations. Of 257 total samples taken at 18 lo-
The Interagency Delta Health Aspects Monitoring Program cations over the study period, selenium was undetect-(IDHAMP) was created to obtain water quality informa- able at the 1 rag/1 detection limit 199 times. Selenium
tion that will help in making decisions about water quality was never observed to exceed 3 rag/1.
and to assess potential water treatment methods in the
Delta. IDHAMP has been collecting data at 20 locations In 1987, an Agriculture Drainage Investigation was added
in and near the Delta since 1983. The major findings andto IDHAMP to determine the influence of agriculture
conclusions listed below are extracted from IDHAMP’s drainage on Delta water quality. The preliminary results
report The Delta as a Source of Drinking Water: Summary of of the investigation indicate that THMFP concentrations
Monitoring Results 1983 to 1987, January, 1989. are influenced by soil type, crop production and crop type,

soil leaching practices, and flow volume in the Delta chan-
¯ Studieshaveshown that the Deltaisan acceptable nels. An enlarged monitoring program was recom-

water source. Once treated, Delta water meets all mended as necessary to characterize the variability of
current water quality standards. THMFP and flows of Delta agricultural drainage.
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Additional future studies recommended by IDHAMP in- Assembly Bill 955 (AB 955) instructed DWR to coordinate
clude: with Reclamation to develop emergency plans to quickly

resume exports by the SWP, CVP, EBMUD, and Contra
¯ sources of THMFP and bromides in the San Joaquin    Costa Water District in the event of a levee failure in the

River and the San Joaquin River influences on waterDelta. The emergency plans--which are outlined in a De-

quality in the Delta; cember 1986 DWR report, Sacramento-San Joaquin Delta
Emergency Water Plan: Report to the Legislature--prescribe

¯ algal production as a potential source of organicvarious procedures that, if enacted, would maintain ade-
THMFP in the Delta, Suisun Marsh, and SWP; quate Delta water quality and resume export operations.

¯ relationship between THMFPs present at the Banks Recreation. Along with population,water-orientedtee-

Pumping Plant and in the water delivered to South- reation in the Delta has increased to some 12 million visi-

ern California; and tor-days in 1980 and is expected to reach almost 14 million
in 2010. This will increase fishing pressure and boating.

¯ effects of proposed water facilities and operationalThe SDWMP will provide both land and opportunity for
changes of existing water facilities on water quality in increased recreation and access.

Fish and WildlO’e. During the past century, the estuary hastheDelta.

The California Urban Water Agencies (CUWA) recently undergone some dramatic changes. Land reclamation,

financed a study to determine changes in operation of thedredging, water development projects, introduction of

existing water facilities or construction of new facilities new species, water pollution, and excessive fishing have

that will allow the Delta to remain as a viable future caused some resources to decline. Many of the commer-

source of drinking water. The study, reported in Delta cial fisheries began to diminish before the turn of the cen-

Brown and tury. Since 1970, a portion of the Interagency EcologicalDrinking Water Quality Study, May, 1989,by
Caldwell Consulting Engineers, outlines current waterStudies Program’s work in San Francisco Bay-Delta has

quality in the Delta with the present water facilities, and been to distinguish the impacts of State and federal water

the possible water quality improvements if other pre-projects from the impacts of other natural and cultural

viously and currently considered water resources facilitiesfactors, such as flood and drought, pollutants, and intro-

are implemented. This study shows that these Delta faci-duced species.

lities could improve water quality in the Delta. Higher Introduced fall into twospecies categories--intentional
quality Delta water would reduce the cost and complexity and accidental. Many species were introduced in the late
of treating drinking water to meet standards and increase1800s and early 1900s to provide fish that would be recog-
the possibility that treatment plants could reliably removenized by recent immigrants. Striped bass, carp, goldfish,
contaminants from the water, catfish, sunfish, largemouth bass, and American shad

were brought into California. In many cases, these fish
In anticipation of EP.a/s probable further restrictions ondisplaced native species and are now accepted by most
drinking water quality standards, MWD initiated a two- Californians. Project operations are often modified to
year study of three water treatment processes: 1)granularprotect them, particularly striped bass and American
activated carbon (GAC), 2) ozone, and 3) peroxone,shad. On the other hand, current DFG policy is to se-
which is a combination of ozone and hydrogen peroxide,verely restrict the introduction of further new species into
Preliminary results indicate that peroxone provides theCalifornia. Still, accidental introductions of other various
best results in reducing THM levels (below 2 or 3 parts per organisms are continuing in the estuary, which may affect
billion). Demonstration-scale tests of both ozone andthe estuary’s ability to provide suitable habitat for game
peroxone, the two best and least-costly processes, shouldfish.
be conducted by MWD in 1991.

Recently, large numbers of a small clam, two small fish
DWR is upgrading its Delta water quality modeling to in- food organisms called copepods, and a small fish called
clude simulation of the dynamics of TDS loading by Deltathe chameleon goby have been found in a portion of the
agriculture drainage returns. This effort will enableupper estuary that has long been the nursery grounds for
DWR to improve its evaluation of salinity patterns in theyoung striped bass. These new arrivals apparently came
interior Delta, particularly the south Delta. from the Orient by way of ballast water pumped from
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ships into San Francisco Bay-Delta. The food chain offlows consist of export water flowing down the Sacramen-
striped bass and other fish can be disrupted by competi-to River to the vicinity of Sherman Island and then up-
tion from the clam and the goby or by displacement by thestream (hence the term reverse flow) in the San Joaquin
copepod of a native species that has been the preferredRiver to State and federal pumps. This route results in
food for recently hatched larval bass. The appearance ofmany young salmon and bass being either directly drawn
these new organisms may be one of a number of reasonsinto the pumps or disoriented from their historical migra-
why fewer young striped bass are produced now than dur-tion paths.
ing the 1960s and early 1970s. Some reports have concluded that changes in fresh water
The plant and animal community in San Francisco Bay-outflow cause significant biological changes in estuaries of
Delta is constantly changing. Natural resource and regu-all types. Changes result, in most cases, from responses by
latory agencies must be made aware of these changesorganisms to physical conditions such as altered circula-
when they try to assess project impacts and define reason-tion patterns, increased salinities, and reduced nutrient
able levels of protection. If these introductions haveinput. The ecological significance of these changes is not

caused changes in basic system productivity, it may be im-completely defined in most systems. In some cases, the
possible to determine historic population levels, same flow change favors some organisms and adversely

affects others. Biological responses to flow are difficult
In May 1989, the California Fish and Game Commissionto document because the cause-and-effect relationship
listed the winter-run Chinook salmon as endangered,between flows and organism abundances generally oper-
based in part on estimates by DFG that the population ofates through a chain of events rather than direct effects of
the run was under 600, down from what had appeared toflow alterations on abundance.
be a stable 2,000. Under State law, after the Commission
determines the basis for listing a species, it must adopt aHistorical biological resources in the Delta were quite dif-

to that effect,                              ferent from the existing resources. Upstream dredgingregulation
and hydraulic mining in the 19th century deposited large

The National Marine Fisheries Service (NMFS) listed amounts of sediment and debris throughout the Delta,
their winter run as threatened under an emergency listingburying biological communities and changing hydrologic
in August 1989. and hydraulic characteristics.

The basic provisions of both sets of regulations prohibitAgricultural development in the late 1800s and early
"takings" of listed species and require an agency involved1900s resulted in major habitat modifications. As early as
in activities that could jeopardize the listed species to con-1920, nearly all the Delta marshlands had been diked and
suit with the appropriate fishery agency. Taking is definedconverted to farmland. Less than 10 percent of the origi-

very broadly. Violations can lead to civil and criminal ac- nal bay marshlands remain. Physical, chemical, and bio-
tions. DWR will be working closely with DFG and NMFS logical processes were dramatically changed.
to determine exactly how the listings will affect DWR and Historically, natural levees formed along the edges of
Reclamation Board activities and programs, many of the Delta’s rule islands and supported woody ri-

An extensive hearing procedure aimed at developing newparian vegetation. Historical navigation charts show tall

water quality objectives for San Francisco Bay-Delta es- trees and shrubs along the banks of major Delta channels.

tuary and the means to achieve them began in July 1987.Presumably, most of the Delta’s woody riparian vegeta-
During phase one of the hearings, considerable disagree-tion was eliminated many years ago to provide water-
ment arose over the impact of water development on thefront-access farmland, and wood for fuel and construc-
health of San Francisco Bay-Delta fisheries. Decliningtion. Maintenance of present-day levee banks prevents
striped bass populations also received considerable atten-the growth of most large trees and shrubs.
tion.

Wildlife habitat or cover types in the south Delta are agri-
Salmon populations have been relatively stable. Hatcherycultural, forest, riparian forest, riparian scrub, emergent
production has increased, and thus is compensating forfresh water marsh, and heavily shaded riverine aquatic.
the decline in natural production. The California Natural Diversity Data Base has assigned

both the riparian forest and fresh water marsh its highest
Reverse flows, which can occur under controlled flow sit- priority because of its almost complete destruction in the
uations, also contribute to the fishery decline. ReverseCentral Valley.
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Rare, threatened, and endangered plant and animal spe-Delta outflow in an average year is the sum of:
cies that may be found in the project area are discussed in
Chapters 4 and 5. The SDWMP will also: ¯ 5 MAF required to meet Decision 1485 requirements

and to protect water quality at project export pumps,
¯ add wetlands as stated above under "Reclamation"; and

¯ reduce impacts to striped bass; ¯ 8 MAF of unregulated Delta outflow in excess of

¯ improve migratory paths for San Joaquin River salm-
minimum requirements.

on; The 15 MAF-per-year reduction in unimpaired runoff in-

¯ create improved conditions for resident fish in southcludes:

Delta channels; ¯ 1.6 MAF of local Delta use.
¯ provide mitigation to reduce current predation; ¯ 5.9 MAF of combined SWP and CVP water exported
¯ provide for mitigation in connection with negoti- directly from the Delta for use both inside and out-

ations for a Delta fish protective agreement; side the Central Valley.

¯ provide additional shoreline and habitat; and ¯ 7.5 MAF of upstream uses, including exports from
the Central Valley via the Hetch Hetchy Aqueduct,¯ reduce predator problems. Mokelumne River Aqueduct, Friant-Kern Canal,

Delta Hydrology. Natural features of San Francisco Bay- and other local projects.
Delta estuary affecting the environment are ocean tides
and salinities, inflows of fresh water, and interior Delta The SDWMP, along with the Los Banos Grandes (LBG)

flow patterns. Ocean salinity intrusion varies with fresh and Kern Water Bank (KWB) programs, will increase av-

water inflow rates. Tidal fluctuations occur in regular cy- erage annual SWP exports by some 250 TAF. This is about

cles throughout the year. Natural tributary inflow to the 1 percent of the historic average annual Delta outflow.

Delta is controlled by the climate and varies greatly from Bay Hydrology and Circulation. San Francisco Bay is often
season to season and from year to year. Before major up-referred to as an "urbanized estuary" because of its prox-
stream regulation, low dry-season inflow often allowedimity to such a large population center. Water circulation
ocean salt water to intrude far into the estuary. In 1924, in San Francisco Bay is of major importance for many hu-
1926, 1931, 1934, and 1939, chloride concentrations inman uses of San Francisco Bay. Water movements dis-
nearly all Delta channels exceeded 1,000 milligrams perperse and eventually remove unwanted materials from
liter (rag/l). the system.

Control and development of Central Valley streams to re-Bay circulation is driven by three main factors: tides, cs-
claimlandandtoproducethepowerandwaterneededfortuarine circulation, and wind-induced mixing. Most
California’s farms, homes, and industries have altered thewater motion in San Francisco Bay is the result of tides.
seasonal pattern of river flows and reduced the amount ofFilling and diking along San Francisco Bay over the years
water reaching the ocean by way of the Delta. Wet-sea- have changed the tidal range, which in turn has affected
son flows are reduced principally by storage in upstreamtidal flushing of San Francisco Bay. The average volume
reservoirs and by exporting Delta inflows. Dry season of water passing the Golden Gate during a single flood or
flows are reduced by upstream uses, but releases fromebb tide is about 1.1 MAF, which is about 20 percent of San
project reservoirs maintain Delta outflows at or aboveFrancisco Bay’s total volume.
minimum protective levels specified by the State Water
Resources Control Board (SWRCB). In the Central Val- Estuarine circulation created by fresh water inflow from
ley, local water uses and exports for use elsewhere havethe Sacramento River system is also being studied as a fac-
reduced the unimpaired runoff from a 57-year historicaltot affecting net transport into and out of San Francisco
annual average of 28 MAF to an annual Delta outflow of Bay. Estuarine circulation is driven by the difference in
13 MAF peryear, a reduction of 15 MAF peryear. Unim- density between fresh water and salt water, which is re-
paired runoff represents the natural water production of a lated to Delta outflow. The importance of estuarine cir-
river basin, unaltered by upstream diversions, storage andculation, and its association with the effect of winter
exports, or imports, but assuming existing channelization,storms on salinity distribution in the southern reaches of
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San Francisco Bay, is being investigated in connectionOther Factors. Many factors contribute to change in the
with flushing the South Bay and controlling long-termSan Francisco Bay-Delta estuary system. Some of these
buildup of toxic materials. Fresh water inflow to San will continue to affect the estuary, with or without
Francisco Bay also provides large amounts of suspendedSDWMP. Others will be cumulatively impacted by incre-
sediments and nutrients, which contribute to Sanmental changes caused by the program. Some incre-
Francisco Bay’s ecological balance. The SDWMP will mental changes may be beneficial, such as reduced re-
have minor effects on inflow and outflow surges to the verse flows in the lower San Joaquin River in accordance
Bay. with the North Delta Water Management Program

(NDWMP). Past, present, and future factors which have
Information presented by the State Water Contractors at impacted, or will impact, the estuary include:
San Francisco Bay-Delta Hearings suggests new and dif-
ferent evaluations of fresh water inflow to San Francisco ¯ land reclamation;

Bay under natural conditions. The new factors consid-¯ sediment load from early hydraulic gold mining ac-
ered in the evaluation of inflow have been popularly re- tivities;
ferred to as the "Tule Theory."

The Tule Theory. Before the Central Valley was devel- ¯ waste water effluent and surface runoff from local

oped, the valley trough functioned as a holding basin, fill- and upstream urban development;

ing and draining every year. Tule marshes choked thesē oil spills;
natural reservoirs, and riparian forests lined the stream
channels along the Valley floor. This natural vegetation̄ drainage and leaching water discharge from Delta
took advantage of the plentiful supply of water, using far and upstream agricultural water use;
more than the irrigated crops that replaced them.

¯ commercial, sport, and illegal fishing;
According to the "Tule Theory," fresh water inflow to
San Francisco Bay from the Delta is presently about thē construction and maintenance of deep water shipping
same, on an annual basis, as it was under natural condi- channels;
tions. Drainage, reclamation, flood control, and water
development in the Central Valley have not significantlȳ use of natural inflows by agricultural and urban devel-
affected the quantity of fresh water reaching San opment;
Francisco Bay.

¯ changes in amount and variation of outflow;
The principal result of upstream development has been:
1) replacement of the natural valley holding basins with̄ upstream storage and regulation of natural inflowsby
man-made upstream storage reservoirs, and 2)replace- the CVP, SWR Hetch Hetchy Aqueduct Project,
ment of the evaporative water losses by natural vegeta- Mokelumne Aqueduct Project, and other local pro-
tion with consumptive use by crops and humans, jects;

Early development in the Valley increased outflows while¯ Delta diversions by the CVR SWR local municipal
subsequent development reduced them to about their in- and industrial water users, and Delta agricultural
itial level. Evaporative water losses from the original water users;
marshes and riparian forests in the Central Valley ex-
ceeded present in-basin use and exports by about 110 per-̄ levee failures in the Delta; and
cent. The monthly distribution of flow into San Francisco
Bay was much more uniform under natural conditions¯ some positive beneficial effects due to improved envi-

ronmental factors.than now, and winter and spring pulse flows that are com-
montodaywere probablyrare undernaturalconditions. The SDWMP will add cumulatively to the regulation of
The timing of previous flow conditions can affect the type Delta exports and outflows. The program will have an un-
and magnitude of biological responses to outflow-relatedknown effect on San Francisco Bay, but will add cumula-
effects. These considerations make it difficult to estab-tively to the environmental stress caused by other factors.
lish statistically sound and predictable cause and effectOther moderating unknown effects are filling and recla-
relationships between outflow and biological parameters,marion.
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DFG and its regulatory’ permit author-Planning meetingregarding

and Related Projects ity.

The program will be implemented in phases. A probable
DWR planning programs for the Delta and related pro- alternative being considered for the first phase is to in-
jects are discussed in this section, crease hydraulic capacity of the South Fork Mokclumne

River by dredging, levee setbacks, and levee improve-
North Delta Water Management Program ments. The present channel cross-sectional area varies

from about 2,000 square feet near the Delta Cross Chan-

The NDWMP represents parallel planning and environ- nel to more than 8,000 square feet near Terminous. The
mental documentation to improve existing conditions inarea to be investigated for the first phase extends gener-
the northern portion of the Sacramento-San Joaquinally from Interstate 5 to the San Joaquin River. Enlarging
Delta. The program includes a public review of problems,the cross sectional area would provide significant flood-
alternative solutions, impacts, and mitigation to providecontrol,water-quality,andreliabilitybenefits.

information for selec, ting corrective action. This process
brings to light the many interests and their valid concernsAlso to be considered will be modification of the Delta

related to water resources planning in the Delta. The pro- Cross Channel gates to prevent Sacramcato River flo~;d-

gram will also include investigation of the cumulative ef-waters from flowing into the Mokelummne River system,

fccts of any corrective action when coupled with other fa- as happened for a short period during the February 1986

cilities statewide and in the Delta. storms.

Preliminary analysis indicates that dredging the South
Multipurpose objectives will be considered to meet theFork Mokelumne River could provide a 5 to 10 percent re-
broad range of water management issues surrounding theduction of these flood elevations and that dredging ac-
Delta. Primary objectives of this program are to help alle- companied by levee setbacks could result in reductions of
viate flooding in the north Delta area, reduce reversewell over 10 percent. Also, reverse-flow changes occur
flow in the lower San Joaquin River, improve water qual-
ity, reduce fishery impacts, and improve water supply reli-

because improvement of the South Fork Mokelumne
River provides better hydraulics for water to follow the

ability. Secondary objectives are to improve navigationdesirable path rather than the undesirable, reverse-flow
and enhance recreational opportunities, path in the lower San Joaquin River. As a consequence of

this reverse-flow reduction, the quality of Delta and ex-
The planning process allows flexibility in formulating andport water supplies would be improved, fishery impacts
selecting project alternatives and mitigation measures,resulting from reverse flows would be diminished, and

water supply would be more reliable because of more effi-and facilitatescoordinationof relatedlocal, State,and
federal planning. The process will also investigate thecient management of reservoir storage. Howe~;er, the di-
cost-sharing allocation among Delta interests, water us-version potential would be greater.
ers, and other beneficiaries. Related planning programs
will be coordinated to reinforce benefits and minimizeAfter completk~n of phase one of NDWMR operational
costs, experience will have been gained, and monitoring will be

conducted before further phases are considered. If moni-
The environmental documentation process is required fortoting shows that additional work is needed to further re-
federal and State regulatory permits and agreements,duce reverse flow and to furnish further benefits, later
Federal regulatory permits are required to authorize anyphases will be evaluated. Additional phases of the
selected alternative. Also, numerous State and local rcgu-NI)WlVIP now being considered arc described in following
lations apply. This assures involvement by key agencies,paragraphs.
such as the NMFS, the U.S. Fish and Wildlife Service
(USF&WS), EPA, and DFG. A second phase might consist of partial tide gate struc-

tures in the Sacramento River downstream from the Del-
!)WR is working closely with the U.S. Army Corps of En- ta Cross Channel. The structures would raise water levels
gineers (Corps) to determine the Corps possible inwflve-slightly in the Sacramento River during low-flow condi-
ment through existing or newly authorized flood controltions so that more water would flow through the Delta
programs. The Coq~s has already held a preapplicationCross Channel and Georgiana Slough into the
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Mokelumne River system, a more desirable flow path for¯ implement the wildlife plan, which will include acqui-
export supplies. This also would diminish the amount of sition of island properties for development of diverse
water following the undesirable reverse flow path around waterfowl and wildlife habitats;
Sherman Island in the west Delta.

¯ meet water supply and water quality needs of Sher-
man Island;These structures would be open during flood conditions

and would be designed not to interfere with flood flows.¯ provide habitat for waterfowl and wildlife;
The structures would have permanent openings in the
center to minimize impacts on navigation and fish, and̄ minimize oxidation and land subsidence;
they would be operated to comply with SWRCB’s protec-
tive standards. Gates would be opened tolet the incominḡ protect the reliability of the SWP and CVP;
tides pass and would be closed to restrict the ebb, or de-
clining, tides. The specific location and design of thesē identify potential wildlife habitat mitigation opportu-

structures has not yet been determined, nities for present and future water development pro-
jccts;

A third phase to reduce reverse flow might be a partial¯ protect highways and utilities; and
tide gate structure in Three-Mile Slough. A fourth phase
might be a new Sacramento River connecting channel̄ provide additional recreational opportunities.
near Hood or Isleton to further improve efficiency of
water transfer through the Delta. A new connecting chan- Alternatives for the WDWMP have been designed to al-
nel would allow more water to be conserved in reservoirslow a phased approach and flexibility in implementation.
to increase water supply reliability. Phasing provides for lower initial costs and an opportunity

to modify future phases based on information gained dur-

The general relationship between flow in the Sacramentoing initial phases. The process is being guided by the ob-

River and water movement through the Delta for existing jcctives discussed above, plus other considerations such

conditions, South Fork Mokelumne River enlargement,as:

and other possible phases shows that each phase provides̄ maintaining the integrity of the island by reducing the
increased capability to transfer more water from the Sac- rate of land subsidence, which is largely caused by
ramentoRiver intothe MokelumneRiversystem. present farming practices. The Farm Securities Act

of 1987, administered by the U.S. Soil Conservation
West Delta Water Management Program Service, mandates that soil conserving management

practices must be developed to minimize soil erosion
The West Delta Water Management Program and loss.
(WDWMP) is centered on four major issues: flood con-
trol, water quality, wildlife concerns, andwater supplyre- ¯ providing cost-sharing opportunities for special

liability. The importance of these issues to the west Delta, Delta flood control projects identified in Senate Bill

and to the Delta as a whole, has necessitated a broadened 34;

scope of planning, including development of a wildlifē emphasizing development of wetland and riparian
management plan for Sherman Island. habitat. Senate Concurrent Resolution 28 empha-

sizes the importance of wetland habitat in California
Because of its location, the 10,000-acre Sherman Island is and mandates that DFG increase wetland habitat in
important in: l) protecting the reliability and quality of the State;
the Delta water supply, 2) providing wildlife habitat, and
3) protecting highways and utilities. The island is the fo-̄ managing consumptive water use, while effectively
cus of the WDWMR Its objectives arc to: providing habitat for wildlife;

¯ improve levees for flood control; ¯ providing for flexibility in acquisition of lands or land
use casements;

¯ prt;tcct Delta water quality: ¯ pr()viding flexibility in hind use management options;
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¯ providing an opportunity to incorporate habitat miti-
gation for SWP and CVP water management pro- .__
grams; and

¯ minimizing costs by using existing island water distri-
bution systems.

The WDWMP is still in the implementation stage. Many
factors are being considered to provide benefits and as
much flexibility as possible. These include phased plan-
ning, land acquisition, cost sharing, nonproject levee re-
habilitation, and mitigation banking. A necessary part of
any program in the west Delta will be rehabilitation of the
nonproject levees.

View of the Senator John A. Nejedly Bridge
A phased planning approach can provide flexibility. De- Connecting Sherman Island to the City of Antioch
velopment of wildlife and wetland habitat can be accom-
plished progressively, and any of the alternatives dis-any of the wildlife management alternatives. In a mitiga-

cussed could be the starting point, possibly culminating intion banking plan, portions of Sherman Island would be

a full or partial wetland development plan. Phased plan-developed as needed to mitigate habitat impacts from fu-
ning also provides for a minimum acquisition plan, whichture water development projects. This would allow "in-
initially would involve only a portion of the island. Thiskind" mitigation for project impacts.

concept allows a project to be initiated at the lowest possi-The value of habitats established on the island as mitiga-
ble cost. tion would depend on the type of habitat developed. Ob-

Land acquisition options include direct purchase or somejectives can be established to achieve maximum benefits
of that will land for wildlife. The mitigation bank would develop in an or-type purchasedeasement ensure manage-

ment practices that benefit wildlife. Easements of thisderly fashion, with habitat types developed adjacent to

type have been successfully negotiated for similar wildlife
each other rather than at random throughout the island.
As with any of the alternatives, areas with common irriga-management projects in California. In any case, acquisi-

tion of parcels will involve negotiations with the landown-tion and drainage systems would be developed simultane-

ers. Selection of acquisition options will depend on land-ously to avoid duplication of construction efforts.

owners’ needs and the type of alternative selected forCoordination With D-1485 Rehearings
implementation.

Decision 1485 focused solely on the water rights and op-
To protect any water management program investmenterations of the two largest water projects, the SWP and
for Sherman Island, nonproject levees on the island mustthe CVP (decision issued April 13, 1984, by Superior
be rehabilitated. This investment would also protect StateCourt Judge Richard Figone). Reclamation and DWR
Highway 160, utilities, Delta water quality, and reliabilitywere required to maintain Delta water quality according

project water supplies, to standards based on "without project" conditions, asof ff
the projects had never been built.

The degree to which these levees would be improved is
not yet established. However, standards will be consistentLawsuits by various water users and the federal govern-
with implementation of Senate Bill 34, a program of leveement challenged Decision 1485, which was overturned in
protection recently signed into law by the Governor. Re- 1984. However, the standards remained in force until a
habilitation of these levees will be common to all pro-decision was issued by the Court of Appeal. In 1986, the
posed water management program alternatives and willappellate court broadly interpreted SWRCB’s authority
have high priority, to establish and enforce water quality objectives that as-

sure reasonable protection of beneficial uses of Delta
provide an opportunity to incorporate mitiga- water, as as protection Bay.To habitat well for SanFrancisco The

tion for SWP and CVP projects, including NDWMP and ruling also ordered SWRCB to consider the effects of all
SDWMP, a mitigation banking concept may be applied toupstream water uses, not just those of the SWP and CVP
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(ruling issued May 28, 1986, by presiding Judge John Ran-This open process should provide an improved plan but
canelli), will take longer. Tentatively; SWRCB will adopt the

water quality control plan in June or July 1990, and the
In July 1987, SWRCB opened Phase I of San Franciscoheating on water rights will begin after extensive scoping
Bay-Delta hearings to gather evidence on the beneficialhearings, which have not yet been specifically scheduled.
uses of Bay-Delta water. After 54 days of testimony, cross
examination, and rebuttal on 14 subjects, Phase I con-Coordinated Operation Agreement
cluded in late December 1987.

The essence of the Coordinated Operation Agreement

A work plan guided the hearing process during the last(COA) is the sharing formula, which provides a CVP/
couple of years. However, after SWRCB concluded Phase SWP proportionate split of 75/25 responsibility for meet-
i and released its draft water quality and pollutant policying in-basin use from stored water releases, and a 55/45
documents, it became clear that some provisions of theresponsibility for the capture and export of excess flow.
overall work plan needed revising. SWRCB requestedBoth parties also agree to meet a specified set of Delta
staff to remove consideration of flow--only objectives from water quality standards (Exhibit A of the May 20, 1985,
the water quality control phase (old Phase II) and deferAgreement) from SWRCB Decision 1485. Exhibit A
this consideration to the water rights decision phase (Oldstandards are a set of water quality standards and export
phase III). It also asked staff to allow for greater develop- and flow restrictions that define the Delta portion of in-
ment of implementation alternatives to water rights regu-basin use requirements.
lation. SWRCB indicated that the work plan should set
forth an open and thorough process for the water qualityThese standards provide more environmental protection

control phase, than the Reclamation’s present water quality require-
ments, known as "Tracy Standards," by adding about 100

Initial drafts of the revised work plan include many oppor- new protective criteria at 15 additional Delta locations.

tunities for input from the heating participants on theThis agreement also requires a commitment of about 2.3

work plan, the revised water quality control plan, the pol-MAF from both projects during a critical water supply pe-
lutant policy document, and on other nonregulat0ryriod to meet Delta outflow and quality protective needs.

methods of protecting beneficial uses in the San Francisco
Careful evaluation of all comments received on the DraftBay and Sacramento-San Joaquin Delta. With regard to
EIR/EIS revealed that no significant impacts would bethe nonregulatory measures, the draft work plan allowscaused by implementation of the COA; therefore, nofor a scoping heating on physical facilities, negotiated set-

tlements, legislative action, and other agencies’ responsi-mitigation was recommended. Also, many of the com-

bilities before the water rights phase begins. The draftmenting agencies and individuals favored implementation
of the COA.work plan also specifically allows for input from technical

work groupsandDWR waterplanningefforts. The project has the potential to increase Delta inflow and
export, and decrease Delta outflow. However, fishThe first series of technical work groups deals with opera-screening losses can potentially increase. The COA re-

tion studies to analyze the impacts of the draft plan on thequires Delta protection, and there are possible mitigation
availability, allocation, and use of Central Valley wateralternatives.
supplies. The second series of work groups deals with sup-
ply, demand, and water conservation evaluations. UrbanThe agreement was signed November 24, 1986, and is be-
and agricultural issues are considered in separate working implemented as required.
groups Also established are a Delta agricultural work
group and a public trust work group, a conjunctive useWheeling-Purchase Negotiations Under Section 10 (h) of the
work group and economics work group. Coordinated Operation Agreement. Current negotiations

commenced in June 1987 and negotiators have met ap-
Recently, the Metropolitan Water District of Southern proximately 25 times. The negotiations are conducted in
California (MWD) and other major urban water users public, and public comment is permitted during the pro-
around the State requested and were granted a workshopgress of the negotiations. This negotiating format has
series on trihalomethanes (THMs)and other constituentsbeen most helpful in allowing an interchange of ideas
found in Delta drinking water supplies, during the negotiating process.

200

448
C~-041448



The USF&WS, DFG, and SWRCB have been repre- Forebay. The Board is currently scheduling this as part of
sented at the negotiating sessions and have made signifi-the water rights decision phase of its Delta hearings,
cant contributions. State and federal water contractorswhich are now several years away.
and various fishery and environmental groups have also
been represented and have provided useful input. Harvey O. Banks Delta Pumping Plant,

Additional Units
The negotiators recognize compliancethe needfor with
State and federal laws requiring environmental documen-The Banks Pumping Plant was built to accommodate 11
ration. DWR and Reclamation initiated the EIR/EIS pro- units, but only 7 were initially installed. On December 30,
cess in August and September 1989 by issuing a Notice of1987, a Notice of Determination was signed, and the in-
Preparation and Notice of Intent, respectively. Five scop-stallation schedule for the four additional units shifted
ing sessions were held in September 1989. Comments onfrom the planning phase to the design and construction
the scope of the EIR/EIS were received and will be pres- phase. The new units, each with a design capacity of 1,067
ented in a Scoping Report (now in preparation). A draftcfs, are scheduled to be operational in 1991.
EIR/EIS is tentatively scheduled for release in late 1990.

Completion of the Banks Pumping Plant will increase
The negotiators are concerned about the best method ofSWP delivery reliability and efficiency by increasing
meeting the requirements of federal reclamation law.standby capacity for the existing units and by permitting a
The three following alternatives have been identified aslarger share of the pumping to be done with off-peak
workable: power. The new units will also allow a small amount of

additional pumping to be shifted to the winter months.
¯ Allocate the water to municipal and industrial usesThe additional units will only slightly change export, out-

which are not subject to the acreage limitations flow, water quality, and fish and wildlife effects. The
SDWMP will add slightly to the cumulative effects of this

¯ Use the agricultural commingling provisions of fed-project.
eral law and meet the reporting requirements of fed-
eral law on sufficient land to match the total quantity The last four units of the Banks Pumping Plant will in-
of CVP water taken for SWP use. Studies by the crease the total capacity of the pumping plant to 10,300
Kern County Water Agency (KCWA) indicate that cfs, bringing the California Aqueduct up to its full design
sufficient acreage lies within the SWP service area to capacity between the Banks Pumping Plant and Bethany
meet the requirements to cover the amount of CVP Reservoir. To protect the navigable capacity of the Delta
water the SWP is likely to purchase, waterways near the pumps, the Corps limited diversions

into Clifton Court Forebay to historical levels (Public No-
¯ Devote the CVP water purchased to Delta outflow, tice 5802A, amended October 1981). As long as the SWP

which would also be a purpose exempt from the fed- follows the operational criteria published in Public Notice
eral acreage 5802A, no Corps permit However,limitations. isneeded. ff diversions

into Clifton Court Forebay are to be increased beyond his-
All three methods appear viable, and DWR will be able torical rates, a Corps permit will be required (under Sec-
to show Congress and the public that one of them tion 10 of the River and Harbor Act of 1899).any
could be used. However, the DWR negotiators and the
SWP contractors strongly favor the Delta outflow ap- Installation of the additional units will also increase the
proach. Recently, the Reclamation negotiators have indi-reliability of SWP water supply deliveries. Under the
cated their willingness to accept this approach, and DWRCorps constraints, the additional pumps could increase
is currently drafting a proposed contract based on the out-firm deliveries during critical water supply periods by
flow approach, about 60,000 AF annually. This water, pumped during

high-flow winter months, will partially offset the fre-
The negotiators are not entirely in agreement on a sched-quency and severity of projected shortages.
ule. DWR negotiators take a position that environmental
documentation of this proposal should proceed, but notThe additional pumping units will allow more pumping to
be presented to Congress until Reclamation receives ap-be shifted to off-peak hours, when energy costs are lower.
proval from SWRCB to divert from Clifton Court ThiswillprovidccostsavingstoSWPwatercontractors, as
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well as possibly delay the need to buy additional power orbass, and they have experienced problems during the sen-
to construct additional power generating facilities, sitive spawning and early-life stages of the fish.

Before the Notice of Determination could be signed, en-Skinner Fish Facility. To provide another source of year-

vironmental concerns regarding the additional units atling striped bass, DWR and DFG are operating a newly

Banks Plant had to be addressed. Afishery agreement be-constructed fish rearing facility on the grounds of the

tween DWR and DFG, signed on December 30, 1987, al-Skinner Fish Facility. Fish salvaged at the facility screens

lowed work to continue on the final four units. The agree- were reared in tanks for release in spring 1989. About

ment spells out the steps needed to offset adverse fishery117,000 fish from this project were planted in San Pablo
impacts by SWP Operations. Bay at Rodeo and in the Sacramento River at Rio Vista.

It appears that striped bass from the salvage operation can
Harvey O. Banks Delta Pumping Plant               be grown successfully at the Skinner Fish Facility, but
Fish Agreement some modifications in plumbing and water supply were

needed to ensure fish survival during hot weather. After
DWR and DFG signed an agreement in December 1986the fish rearing facility has operated for two years, DWR
to mitigate direct fish losses at the Banks Pumping Plantwill determine whether the State should continue to oper-
complex. The agreement provides for DWR to makeate growout ponds in the Delta or other locations, or
funding available for projects which will help to increasewhether private growers should assume this task.
the survival of Chinook salmon, steelhead, and striped
bass. The agreement requires two types of payment byStreambed Improvements. Gravel was placed in Mill Creek
DWR: 1) $15 million to initiate a program to quickly re- (Upper Sacramento River) in time for the 1988 spawning
plenish fish populations depleted by SWP pumping and 2)season of fall Chinook salmon. Although it is difficult to
annual payments based on the calculated numbers of fishquantify the benefits of such projects, Chinook salmon
lost at the complex, were observed spawning in the improved fifties.

DFG has estimated DWR mitigation responsibility for 1)Hatchery Improvements. Approximately $850,000 has been
about 544,000 striped bass, 631,000 Chinook salmon, andallocated to improving DFG’s Merced River Fish Facility.
22,000 steelhead in 1986; 2) 684,000 striped bass, 492,000The rebuilt facility will produce more Chinook salmon

Chinook salmon, and 12,000 steelhead in 1987; and 3)that are in better condition than those produced by the
850,000 striped bass, 1,610,000 Chinook salmon, andpresent operation. DWR will receive an annual credit of

16,000 steelhead in 1988. All these figures are prelimi-about 40,000 yearling Chinook salmon (at the Delta) as a

nary, and DWR has not agreed to any numbers until moreresult of this project.

is learned of predation in Clifton Court Forebay.
Fish Screen. DWR and DFG have approved an expendi-

DWR’s goal is to produce enough fish to replace those lostture of about $40,000 to install a screen on an existing

at the Banks Pumping Plant complex. Replacing the lostsmall diversion in Suisun Marsh. The screen will benefit

fish with hatchery fish would cost DWR about $1.4 million both Chinook salmon and striped bass, as well as other

per year for 1986, 1987, and 1988. Other ways of replacingfish in marsh channels. The installation will also help

the fish--through development of spawning grounds orevaluate the potential of screening the hundreds of simi-

other environmental improvements--are preferred andlar small diversions scattered throughout the Delta.

might cost less, depending on the number of fish pro-Steelhead. DFG, under contract to DWR, will allocate
duced, part of the production capacity of their Mokelumne River

Hatchery to about 30,000 yearling steelhead. Because
Replacement Purchases. Payments for 1986 losses are be-steelhead released into the Mokelumne River return at
ing used in part to purchase yearling striped bass from pri-extremely low rates, yearlings from this program will be
vate aquaculture firms. However, obtaining enough fishreleased into the American River.
has proved difficult. Although aquaculture firms con-
tractedin1987to supply about 550,000yearlings forplant- New and Potential Projects. These include:
ing in 1988, the actual supply was only about 345,000. Cur-
rently, eight aquaculture firms are licensed to rear striped̄ extra striped bass stockings,
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¯ Sacramento River spawning gravel improvements, a6’
Landside slope varies /
with depth of peat. ~.: !!;:~:..:,:. ........ii::~� 1:3oo Year Flood

¯ Partial funding of new or improved hatcheries, Range 3:1 ~:.:i:::~: :

: u
¯ flow augmentation on streams tributary to the Sacra-

mento River,

Landslde slope varies ~ 6’
¯ flow augmentation on streams tributary to the Sanwith height of levee / .~ -/ 1.5’

and depth of peat. j.::: ¯ ......... : ~: :::: :::: :i::~� l:looYear FloodJoaquin River, and Range 3:1 - 5i~:: ....

¯ construction of a permanent Old River barrier.

Testing. The 1989 San Joaquin salmon tests involved the 16’coordination of several upstream water operators to con- 2 ~ ~ ~, 1.o’
I .: ::: .: ................ :::: :: !:i:i:~ it- 1:100Yoar¢ 1’100 Year Floodgl°°dl~~ :.::.:...;:: :::::: :::i:iii?i::::ii:!:.i : :: iiiiiiiiiiii!ii::....’ccntratc fish mitigation releases from various tributarics,

in one week, to produce flows of 2,000 to 2,500 cfs timed " : : :~:~:~:~:~:::~:~:~~11 s
i::: ’ :to arrive at Vernalis together. (DWR and Reclamation1:

will reduceexports orincrease upstream releases to equal[     : .: .............................................
this inflow.) Tagged salmon released from several loca-
tions will be counted again in early 1992 to define the Figure 6-1. Agricultural Levee Standards

benefits that can be attained by constructing a barrier or
SB 34--Delta Flood Protection Actinstalling a fish diversion on Old River at the confluence

of the San Joaquin River. Senate Bill 34, enacted in 1988, creates the Delta Flood
Protection Fund, to be funded from tidelands revenues

Temperature testing in the north Delta will involve re- currently designated by statute for the California Water
leasing three batches of salmon from various locations onFund. The Bill authorizes $12 million a year for appro-
the Sacramento River between Sacramento and Ryde atpriation by the Legislature for a ten-year period of flood
water temperatures of about 60, 65, and 70 degrees Fahr-protection in the Sacramento-San Joaquin Delta. Specifi-
enheit. The objective of these tests is to determinecally, $6 million is allocated to the Delta Levee Mainte-
whether water temperature is more important to fish sur- nance Subventions Program, and the remaining $6 million
vival than river flows, is for special flood control projects for eight western Delta

islands and the towns of Walnut Grove and Thornton.

Article VII Negotiations. On execution of the Banks Pump- Delta Levee Subvention Program. Most newly rehabilitated
ing Plant Fish Agreement, the parties began discussions,levees will be in compliance with Bulletin 192-82. The
as stated in Article VII, of developing methods to offset Delta Flood Protection Act of 1988 proposed new stan-
the adverse fishery impacts of SWP that are not covered dards as well as any federal standards or criteria that may
by the agreement. Included are facilities needed to offsetbe adopted. Some of the existing or proposed levee start-
fishery impacts and more efficient conveyance of water, dards are shown in Figure 6-1.

To avoid delays in the annual disbursement of funds from
DWR and DFG are continuing to examine and evaluatethe subventions program, the following provisions of SB
potential striped bass and Chinook salmon projects as34 are being implemented in three stages:
they are developed. An advisory committee representing
fishery, environmental, and water user interests has been̄ increase in funding from $2 million to $6 million;
established to assist in evaluating and selecting projects.̄ increase in State reimbursement ratio from 50per-The agencies are also evaluating the factors used to calcu- cent to 75 percent;
late mitigation losses and will make adjustments as
needed. ¯ provision for advances;
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¯ provision for reimbursement for disaster-related¯ programs to assist Bethel Island Municipal Improve-
work denied by the Federal Emergency Management ment District and Contra Costa County in resolving
Agency (FEMA); levee encroachment problems according to local

guidelines on Bethel Island and Hotchkiss Tract;
¯ specific review authority by DFG to ensure no net

long-term loss of fisheries, riparian, or wildlife habi-¯ funding of surveys and monitoring to document land
elevations and subsidence;tat;

¯ discussions with DFG and land owners to identify op-
¯ competitive bidding and increased documentation re- tions for acquisition of easements and wildlife man-

quirements resulting from passage of SB 1893; and agement areas that provide land use options to re-
duce subsidence. These discussions will include

¯ funding prioritization plan for years in which "appli- recreational opportunities; and
cations for State funding exceed State funds avail-
able" to ensure funds are apportioned "... amonḡ Specific recommendations for "fast-track" levee im-
those levees.., most critical and beneficial, consider- provements based on a priority of actions applicable
ing the needs of flood control, water quality, recre- to any of the eight islands. These recommendations
ation, and wildlife." (Quotation taken from SB 34). would be contingent on environmental requirements.

The protection act also provides for other flood controlProgram priorities will be evaluated in connection with
two categories. One category will be priority of actions.measures,suchasmodificationof landmanagementprac-

tices, and requires the local public agency to acquire ease-These actions would be designed to apply to any of the

ments of up to 400 feet wide along levees where DWR de- eight western Delta islands and include fast-track protec-

termines it is necessary. Mitigation of wildlife and tive measures. Coordination efforts are under way with

fisheries habitat is to be determined by DFG. local representatives to identify threatening levee situ-
ations and levees that do not meet short-term FEMA

In addition to the Flood Protection Fund, the bill author-flood hazard mitigation standards.

izes $5 million for appropriation by the Legislature toA second category will investigate island priorities. One
DWR to mitigate specified adverse impacts in the Delta promising high-priority program is Sherman Island. Cur-
and San Francisco Bay and some other special areas, rent planning for this island investigates land use options

SB 34 has the potential to protect water quality in the Del-
ta from salinity encroachment due to island flooding. It                         .
will also increase water supply reliability with no net loss
of fish and wildlife habitat.

Western Delta Islands - Special Flood Control Project.Eight
A report discussing the future implementation of flood
control measures for the eight western Delta islands
identified in the Delta Flood Protection Act of 1988 is be-
ing prepared for the California Water Commission.
Scheduled for release by mid-1990, the report will address
such topics as:

¯ comprehensive levee inspections and studies to iden-
tify threatening conditions and levee sections that do
not meet minimum FEMA flood hazard mitigation
standards;

¯ assistance programs to participate in pilot programs
and document the feasibility of using dredged mate-
rial for levee improvements;

l~ew of Delta Levee
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to reduce subsidence. Reducing subsidence a verywillbe Coordination With Delta Legislation
important aspect of special flood control projects plan-
ning to identify options that wilt provide the highest levelsRecently enacted water-related bills that could provide
of future flood protection, mitigation, reduce demands, or otherwise affect the Delta

are discussed below:

¯ The federal Disaster Assistance Act of 1988, which
Aworkshop on the 1988-89 subvention program attended provides assistance for people and businesses af-
by reclamation district(s) trustees, engineers, and attor- fected by drought throughout the U.S. The act autho-
neys was held recently. Topics discussed included defini- rizes the Secretary of the Interior to: 1) perform wa-
tion of SB-1893 (Competitive Bidding Act) procedures, studies assistterconservationandaugmentation and
DFG criteria for ensuring no net long-term loss of habi- willing buyers and sellers of water; 2) make water or
tat, possible yearly carryover of funds, and easement ac- canal capacity available to water users and others;
quisition as defined in SB 34. and 3) make loans to water users for management,

conservation, or acquisition and transportation of wa-
ter.

Port of Oakland Dredged Material. DWR is working closely
with San Francisco Bay Area Regional Water Quality The act also authorizes a specific program for Oak-
Control Board (Regional Board) to assist in the evalu- dale and South San Joaquin Irrigation districts, as
ation of the proposed use of Port of Oakland dredged ma- well as construction of a temperature control curtain
terial for levee improvements. DWR staff has been made at Shasta Dam for anadromous fishery protection and
available to help define the interrelationships between enhancement.
the proposal and Delta water quality. Staff plans to assist
by providing modeling studies of pollutant dispersion,̄ SB 795, PL 100-675: Settles a lawsuit in San Diego

funding for additional sampling, and a literature search of County over water rights to the San Luis Rey River.

metal stability in soils. DWR is also exploring the possibil- Among many other items, including lining the All-

ity of working with the Regional Board, the Port of Oak- American Canal, the act provides for up to 16,000 AF
land project coordinator, and Delta reclamation districts of supplemental water per year. The water will be

to implement a pilot program and monitor water quality derived from: 1) water saved by lining the All Ameri-
to test the effects of placement of material on Twitchell can Canal, 2) MWD, or 3) public lands.
Island.

¯ SB 2261, Chapter 1545 of 1988: Permits temporary
changes involving the amount of water consumptively
used or stored, and permits approval by SWRCB of a

DWR recognizes that proposals to use dredged material petition for a long-term transfer of water or water
must be thoroughly tested to protect Delta water quality, rights, if SWRCB has approved a temporary change.
Protecting Delta water quality is essential since the Delta
is the source of drinking water for 16 million people, and̄ SB 2261, Chapter 1545 of 1988: Enacts the Salmon,
the estuary is a unique and valuable resource. Protecting Steelhead Trout, And Anadromous Fisheries Pro-
water quality also means protecting islands from flooding, gram Act, which requires DFG to prepare and main-
As demonstrated in past flood events, water quality ira- lain a detailed conservation program for protection
pacts can be significant to all Delta beneficial uses. Island and increase of salmon, steelhead trout, and
floodings can cause short- and long-term impacts that de- anadromous fisheries.
crease the effectiveness of flesh water outflow and allow
salt water to travel farther into the Delta. During past ¯ AB 3654, Chapter 1488 of 1988: Requires the Recla-
flood events, chloride levels reached 440 ppm at the Con- mation Board to offer to lease to DFG, or to a public
tra Costa Canal intake. SWP exports were also inter- entity, any lands it acquires as replacement habitat to
rupted and additional salts were exported to State water mitigate environmental impacts of its projects. The
users, with undetermined consequences. Future flood board is also required to prepare, in consultation with
protection will be expensive and a for use of DFG, a mitigation plan to be implemented prior toprogram
dredged materials for levee rehabilitation can greatly re- construction of a flood control, channel clearing, or
duce costs, bank stabilization project.
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¯ AJR 67, Chapter R-151 of 1988: Advises CongressThe Delta Master Recreation Plan occupies a ten-year
that the legislature continues to support constructionspan in the history of Delta recreational planning, which
of a multipurpose Auburn.Dam at the Auburn site. was updated or revised three times over this period. A

major component of the plan, which was also included in
¯ S JR 30, Chapter R-123 of 1988: Memorializes Con-several other plans, is the Delta Waterways Use Program.

gress to transfer control and operation of the CVP to This program recommends an area use-classification sys-
the State of California or other public entity, tem based on an area’s natural or ecological value. It also

recognizes multiple-use areas, which are designed to ac-

Delta Recreational Planning commodate more intensified use (such as water transfer
and recreational facilities). Recreational planning follow-
ing development of the Delta Master Recreation Plan

The Delta is a major recreational area with many valuable emphasizes integrating recreational planning into a levee
and unique assets. Recreational development is spread

the Delta and can be classified as private (over    rehabilitation strategy.throughout
20 yacht clubs), commercial (over 100 marinas, valued atGiven current economic and political conditions, it seems
about $100 million), and public facilities. To date, thereunlikely that a major comprehensive recreational plan

are 22 public recreational areas in the Delta, comprisingcould be implemented on its own merits. However, such a
5,450 acres of fishing access sites, park and recreationalplan could provide an economic advantage to an overall
sites, hunting areas, and boat launch areas, levee rehabilitation program (assuming such a plan itself

could be implemented). In addition, more focused rec-
reational planning under Davis-Dolwig could also benefitAlthough the Delta has many recreational opportunities,

many areas can be improved. Nearly all recreational fa-any specific Delta water transfer plan.

cilities in the Delta are provided by private enterprise,Delta Wetlands Project
which caters almost exclusively to boaters. Poor access
and few facilities have so constrained use that demandA unique wetlands management and water storage pro-
considerably exceeds current use. For example, in 1980,ject for the Sacramento-San Joaquin Delta has been pro-
actual use in the Delta was 12.3 million recreation daysposed by Bedford Properties, a land development com-
and the projected demand, if sufficient facilities could bepany.
provided, could exceed 21 million recreation-days annu-
ally. This results in a latent (or unsatisfied) demand ofLand use on four Delta islands--Bouldin, Webb, Hol-
nearly 9 million recreation-days, which is expected toland, and Bacon--willbe converted from agricultural use
grow to over 25 million recreation-days if present trendsto provide waterfowl habitat and to store water during
continue, winter and spring. The water for storage will be pumped

from the islands in early summer to provide fishery bene-

Public agencies have allocated over $1 million to major re-fits and for use by DWR. The project will undergo a figor-

ports on Delta recreational planning. A 1958 DWR re- ous approval process starting with applications for water
port, Sacramento-San Joaquin Delta, Master Plan for Rec- fights permits.
reation, discussed the earliest plan for Delta recreation. The Bedford Properties proposal is being evaluated by
In June 1966, the Resources Agency issued a preliminaryDFG and DWR. Both agencies have set up task forces
edition of the Sacramento-San Joaquin Delta Master Rec- and are working with the project sponsor to define issues
reation Plan. This report, which was updated in 1973 and and to identify the types of information needed to make
1976, was prepared by representatives of several State or-decisions about the project. Some of the issues are: (1)
ganizations. Specific recreational plans have since beenenvironmental documentation under CEQA and NEPA,
developed by all State and local agencies with interests in(2) required permits, (3) Safety of Dams jurisdiction, (4)
recreation in the Delta. These specific plans have incor-operation, structural engineering, and economic feasibil-
porated many of the ideas contained in the master plan.ity, (5) liability, (6) potential regulatory changes, (7) con-
Funding is the primary problem in implementing most oftrol of the water in the reservoir, (8) water quality, and (9)
these plans. Other plans, such as the extensive DWRpublic perception.
plans for recreation and fish and wildlife improvements,
are associated with the Davis-Dolwig Act and are tied to The project has the potential to increase Delta exports
water development projects, and decrease Delta outflows during the winter. The proj-
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ect’s main benefit is to provide operational flexibility,winter and high-flow months, when fish are not as abun-
which can benefit fish and wildlfe and water quality, dant.

Offstream Storage South of the Delta Surface and ground water storage south of the Delta will
increase exports in wetter years and will cause minimum

In 1984, DWR completed a reconnaissance study of 13 po-impact in drier years. Delta outflow will be reduced in
tential offstream storage sites south of the Delta. Reser-wetter years, and water quality will be slightly improved

voirs at these sites could be used to store excess runoffduring winter months. The storage projects will provide
pumped from the Delta during wet periods and deliveredoperational flexibility to reduce incremental fish screen-

via the California Aqueduct. The subsequent report Al-ing losses.

ternative Plans for Offstream Storage South of the Delta rec- Kellogg/Los Vaqueros Reservoirs. In fall 1985, Reclamation
ommended that future studies focus on the LBG site,expanded its Kellogg Reformulation Study to include a
south of the existing San Luis Reservoir. preliminary analysis of the Los Vaqueros Reservoir site.

Any new offstream facility south of the Delta would be of The study previously concentrated on Kellogg Reservoir
and relocation of the Contra Costa Canal intake. Recla-

little value without the capability of filling that facility
of Delta outflow. The planned marion’s planning report and draft EIS were available forduringperiods surplus

review in early 1988. The report indicated that the High-SDWMP would provide the capacity to maximize winter line Canal and relocation of the Contra Costa Water Dis-banking south of the Delta in a facility such as LBG.
trict (CCWD) intake to Clifton Court are the best alterna-

Los Banos Grandes Reservoir. DWR is studying several tires.

separate formulations for LBG. The basic formulation CCWD began purchasing the entire Kellogg/Los Vaque-
would be solely an SWP water supply facility; power gen- ros watershed in early 1987. Environmental and land
crated incidental to the water-supply operation would bemanagement plans were addressed by Jones and Stokes,
incorporated into the SWP power resource plan. Other the district’s environmental consultant, during 1987 and
formulations under study include: 1988. A Stage II EIR/EIS will be completed by spring

¯ a joint SWP/CVP facility with incidental power incor-
1991. DWR has paralleled CCWD’s studies with opera-
tions and cost studies needed to determine whether par-

porated into the SWP and CVP resource plans; and ticipation is desirable. However, SWP cannot participate

¯ an SWP water supply facility with participation by a in Los Vaqueros because of the language approved by the
electorate in a recent bond authorization initiativeprivate power utility in pumped-storage power gen-

eration facilities.                                  North Of Delta Additional Storage Development

Planning will concentrate on project formulation, analysisThe most economical dam sites in California have already
of water and power operations, exploration of possiblebeen developed. For environmental, economic, or finan-

develop- cial reasons, some reservoir projects once seriously con-Reclamationand/or utility participation,and
merit of mitigation plans to offset fish and wildlife im- sidereal for construction have been deferred. Surface
pacts. The principal environmental issues appear to be 1)storage facilities north of the Delta are discussed in the
the inundation of significant riparian habitat along Losfollowing paragraphs.
Banos Creek, and 2) impacts on the San Joaquin kit fox, a
species listed as ’threatened’ by the State and ’endan-Shasta Lake Enlargement. In recent years, Reclamation

gered’ by the federal government, and DWR have studied the feasibility of enlarging Shasta
Dam. One alternative studied was to increase the height

The revised schedule calls for completion of the draftof the existing dam by 200 feet, which would enlarge the
EIR/EIS by mid-June 1990 and the final EIR/EIS in Junereservoir’s storage capacity from the present 4.5 MAF to
1991. With this optimistic schedule, the LBG facilities14 MAF and increase the dependable water supply by
could be completed and in operation by mid-2002, about 1.4 MAF per year. Although the unit cost of water

would be relatively low, the capital cost would be substan-
LBG will provide operational flexibility for the SWP. Op- tial. Therefore, California’s water interests have con-
crational flexibility will provide improved SWP opera- cluded that other needs take priority over the additional
tions for the fishery and enable shifting more exports tostorage of an enlarged Shasta Lake.
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These needs include developing more offstream storage from the Wild and Scenic River’s System... it is
south of the Delta, solving San Joaquin Valley drainage our view that we would not look to the Eel River as
problems, and planning the expansion of the CVP aque- a practical source of additional water supply within
duct system of the San Joaquin Valley (the Mid-Valley the near future, irrespective of its wild and scenic
Canal). As a result, Reclamation shifted its planning em- status. It seems appropriate to leave the Eel in the
phasis toward conveying and protecting the quality of ex- Wild and Scenic River system, subject to future re-
isting supplies before developing new supplies. DWR, re- view and reconsideration."
sponding to growing recognition among water contractors
of increasing project costs, shifted its planning to smaller,Red Bank Project. Cottonwood Creek, in Shasta and

less expensive projects. Tehama counties, is the largest uncontrolled tributary of
the Sacramento River and is a major contributor to flood-

Marysville Dam and Reservoir. Marysville Reservoir on the ing, particularly along the upper river. In the mid-1960s,
Yuba River, originally authorized as a Corps project in thethe Corps selected the Cottonwood Creek Project as the
1960s, was not developed. The proposal was reanalyzed inmost suitable means of providing flood protection and de-
1982 as a possible local project of the Yuba County Waterveloping additional water supply.
Agency in partnership with KCWA. Neither proposal
went beyond the planning stage. A 1984 engineering report estimated the total first cost of

the Cottonwood Creek Project at $753 million. The an-
Later, DWR investigated a multipurpose project to pro- nual payments by the SWP contractors would have been
vide power, flood control, and additional conservationprohibitively high. Consequently, in June 1984, DWR
yield for the SWP, by using the Corps plan for the Parks asked the Corps to reanalyze the project, looking at meth-
Bar and Dry Creek Dam sites (about 5 miles upstream of ods for cost reduction. The Corps’ reanalysis reduced the
the city of Marysville) and updating the construction costtotal first cost to $571 million.
estimates. Because of the apparent high unit cost of water
from the project and the lack of local support, the pro-After discussions with the SWP contractors and a briefing
posal is currently inactive, before the California Water Commission in 1985, DWR

decided not to participate in the project.
Glenn Reservoir Project During the 1960s and 1970s, the
State studied various possibilities for developing storageIn June 1985, DWR’s Northern District published a
reservoirs on Thomes Creek and Stony Creek on the westmemorandum report, which recommends studying con-
side of the Sacramento Valley. Three different reservoir struction of a combination diversion and storage dam at
sites were considered for various sizes, combinations, andthe Dippingvat site on South Fork Cottonwood Creek, a
configurations. These were the Paskenta, Newville, andstorage dam at the Schoenfield site in the adjacent Red
Glenn reservoirs. Under one routing of Eel River ira-Bank Creek Basin, and a conveyance system connecting
ports, the reservoir(s) would have been used to storethe two reservoirs.
water from the North Coast. With the slowdown in agri-
cultural demands, and the prospect of more favorable al-Following the June 1985 report’s recommendations,

ternatives, planning for these projects has been deferredDWR began a two-year prefeasibility investigation of the

indefinitely. Dippingvat-Schoenfield Project. The cost, including in-
terest during construction and the present worth of op-

Eel River Exports. The 1973 California Wild and Scenic eration, maintenance, and replacement, was estimated at
Rivers Act precluded development of many of the North $119 million. The project would provide a critical period
Coast’s major streams. The act also provided that DWR, water supply of 47,000 AF per year to the SWP, assuming
after an initial 12-year period, would report on the needDelta transfer facilities are in place. The cost allocated to
for water supply and flood control projects on the Eelmunicipal and industrial water supply would result in a
River and its tributaries, unit economic cost that is competitive with other sources

of water supply now under consideration.
On August 30, 1985, DWR reported by letter to the Legis-
lature:                                               The Dippingvat-Schoenfield Project would reduce the

100-year peak flood flow at Cottonwood from 106,000 cfs
"... Based upon the situation today, we see no rea- to 90,000 cfs. The project initially would provide up to
son to seek legislation to withdraw the Eel River 9,000 public recreational days per year, increasing to an

208

C--041 456
C-041456



estimated 113,000 days per year by the end of the 50-yearAdditional storage north of the Delta will potentially in-
analysis period, crease summer and fall inflow, decrease winter and spring

inflow, increase drier year export, reduce winter and

Following the November 1987 report’s recommendation,spring outflow, and increase summer and fall outflow.

DWR began a feasibility study of the Dippingvat-Schoen- Other potential effects include drier year water quality

field Project, now called the Red Bank Project, to be corn-protection, increased river flows, and increased fish

pleted by mid-1990. The study--being conducted in coop-screening losses.

eration with Reclamation, DFG, USF&WS, and the Central Coastal Studies
Corps--will include fishery and flood control elements.
Communication with Shasta and Tehama counties andAt the request of San Luis Obispo and Santa Barbara
cooperative agencies is maintained through an advisoryCounty Flood Control and Water Conservation districts,
group. DWR is conducting advanced planning studies, including

preparation of an EIR for the proposed Phase II of the
Auburn Dam and Reservoir. In 1967, Reclamation began Coastal Aqueduct. The Coastal Aqueduct will furnish
preliminary construction activities for a 685-foot-highbetween 52,973 and 82,000 AF per year, depending on
concrete arch dam at the Auburn site. The dam wouldSanta Barbara County’s decision to obtain part of its en-
have impounded a 2.3 MAF multipurpose reservoir totitlement from the Lake CachumaproposedEnlarged
provide CVP water supply, power, recreation, flood con-project, providing it wants to re-purchase the 12,214 AF
trol, and fishery enhancement. After foundation prepara-of SWP water relinquished in 1981. Annual entitlement
tion was completed in 1976, construction was suspendedof SWP water is 25,000 AF for San Luis Obispo County
to permit further study of seismic and design issues, and between 45,486 and 57,700 AF for Santa Barbara

County.
After intensive studies by eminent engineers, geologists,
and seismologists, the Secretary of the Interior concludedSanta Barbara County will have to develop local distribu-

in 1980 that a safe dam could be constructed. A concretetion facilities to convey its SWP water entitlement from

gravity dam was recommended in lieu of the original thinthe terminus of the Coastal Aqueduct to areas of need.
arch design, but final design was deferred pending resolu-One such local facility, the Mission Hills Extension, will
tion of questions about flows in the lower American transport water to northern communities of the county

River. and terminate near the city of Lompoc. Another local dis-
tribution facility, the Santa Ynez Extension, would extend

Meanwhile, the Corps has continued reconnaissance lev-service to the upper Santa Ynez Valley and South Coast

el studies of flood control options for the lower American communities.

River area. Considerable support has come At the request of Santa Barbara County Flood Controlfrom theSac-
ramento Area Flood Control Agency in a February 1990and Water Conservation District, DWR is conducting the
resolution calling for a flood-control only dam at Auburn,environmental assessment and reconnaissance level de-

sign for the Extension as part of the advance planningwhichcouldbeexpandedwhenwater,power,andrecre-
ational interests are able to finance the enlargement, study of the Coastal Aqueduct. Costs of the Santa Ynez

Extension have been estimated for economic analysis
Folsom Dam and Reservoir-Folsom South Canal. Whereas only.
this is not a new project, there has been a resolution of a
long-standing problem involving a storage contract be-Phase II, 87 miles long, starts at Devils Den in the north-
tween EBMUD and Reclamation, versus a group of inter- west corner of Kern County and proceeds southwest of
ested users of lower American River flows. EBMUD will San Luis Obispo, then south to the Santa Maria River.
be able to exercise its contract with Reclamation forThe pipeline varies in diameter from 60 inches at Devils
150,000 AF of Folsom storage annually and to take thisDen to 54 inches at the Santa Maria River. Three pump-
water through the Folsom South Canal. A connection willing plants will lift the water over the Tremblor Mountain
be built by EBMUD between the end of the Folsom South range near Polonio Pass. The water will then flow by gray-
Canal and the Mokelumne Aqueduct. In turn, EBMUD ity to the Santa Maria turnout. A power recovery plant
will be restricted by a diversion schedule that would helpnear San Luis Obispo will be used to reduce the pressure
keep the lower American River in a healthy condition, in the pipeline. There will be four water storage tank sites
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at Polonio Pass, northeast of Santa Margarita, east of SanThrough a contract with Reclamation, an environmental
Luis Obispo, and just east of Arroyo Grande. consultant has prepared a preliminary mitigation plan for

the potential impacts of the enlarged Cachuma project.
The Mission Hills Extension, 23 miles long, starts at theAs expected, the key mitigation issues will be loss of ripar-
Santa Mafia River and proceeds south to Mission Hills ian and wetland habitat, loss of oak/woodland habitat, and

near Lompoc. The extension pipeline connects with theimpacts to the steelhead fishery.
Phase II pipeline at the Santa Maria River. The extension
pipeline varies in diameter from 54 inches at the SantaPotential Conjunctive Use Programs

Maria River to 39 inches at Mission Hills. A pumping Conjunctive use is a planned use of both surface and
plant two miles north of Casmalia will lift the water over ground water in a complementary manner to increase
the Casmalia Hills. One water storage tank site will be water yield and/or reliance. Conjunctive use programs
located one mile south of Casmalia, and another will be atwill generally reduce pressure on Delta exports, manage
Mission Hills. resources more efficiently, and increase yield to existing

projects.
DWR’s environmental study teams (botanists, wildlife bi-
ologists, and archaeologists) have been conducting on-New Melones Conjunctive Use Plan. Two San Joaquin
site field surveys along the proposed pipeline alignment.County Agencies, Stockton East Water District and Cen-
The teams have been recommending slight adjustmentstral San Joaquin Water Conservation District, made a pro-
in the alignment within the study corridor to avoid sensi-posal to DWR that could increase the yield of the SWP.
tive habitat. DWR staff members have also conducted These two districts have contracts with Reclamation for
meetings and field surveys with the Corps, USF&WS, and155,000 AF (106,000 AF surplus and 49,000 AF firm) of
DFG representatives to discuss Section 404 permit re-New Melones Project water. The districts propose to use
quirements and to gather recommendations for minimiz-their contract entitlements in normal and above-normal
ing project impacts. DWR staff also had five meetingsyears but forego diversions during dry and critical years
with landowners to discuss alignment of the Aqueduct. and release the water down the Stanislaus River into the

Sacramento-San Joaquin Delta. The districts would rely
Phase II of the Coastal Aqueduct has the potential to in-on ground water to meet their needs during dry and criti-
crease SWP deficiencies slightly. Because export, inflow,cal years and then recharge their basins during normal to
and outflow are not affected by the project, no cumulative wet years. In turn, they would want financing for the nec-
impact will result from the SDWMP. essary facilities to divert and convey the New Melones

water to their service areas. The proposal has been dis-

In addition, Reclamation and DWR are conducting a jointcussed with Reclamation--which owns and operates New

study of the feasibility of enlarging Cachuma ReservoirMelones--with San Joaquin County interests, and with
the State water contractors. These discussions indicate(Bradbury Dam) in Santa Barbara for additional water

supply for the SWP. If constructed, this would be the first that the proposal has merit, and DWR plans to use the en-

local project incorporated as part of the SWR Also, Rec- vironmental documentation process to investigate its fea-

lamation is evaluating ways to bring Bradbury Dam intosibility.

compliance with its safety of dams criteria. DWR and Reclamation see the proposal as having the po-
tential to provide many benefits, including water supplies

The reservoir has a storage capacity of 205,000 AF and afor local use, increased fishery flows in the Stanislaus and
firm yield of 24,000 AF for recreation, irrigation, munici- San Joaquin rivers, improved water quality in the south
pal, and industrial uses. Water is released for these de-Delta, and increased yield to both the SWP and CVP. To
mands through: 1) a river outlet for downstream releases;attain these benefits, all parties involved must be included
2) a pipeline for the Santa Ynez River Water Conserva- in the planning process. Since Reclamation owns and op-
tion District, Improvement District No. 1; and 3)Tecolote erates New Melones Reservoir, it is a key participant in
Tunnel for the Santa Barbara area. The preferred en- the program.
largement will increase storage some 197,000 AF and
would provide the SWP a safe yield of 17,000 AF per year In March 1989, DWR and Reclamation signed a Memo-
when combined with vegetation management and cloudrandum of Understanding with 15 agencies in Calaveras,
seeding programs. Tuolumnc, Stanislaus, and San Joaquin counties to pre-
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pare a plan for the long-term use of water supplies fromThe Kern Fan Element has the potential of increasing
the Stanislaus and Calaveras rivers. DWR and Reclama-SWP firm dry-periodyield as much as 140,000 AF annual-
tion have developed and completed a "Scope of Study" forly. Initial studies indicate that local elements could more
the program and will issue a Notice of Preparation/Intent than double the contribution of KWB to SWP supplies.
to prepare a Draft EIR/EIS for the Stanislaus River Basin
and the Calaveras River Water Use Program. The project will increase exports and decrease outflow

during wetter years, but will have no effect on inflow. It
will provide operational flexibility to reduce incremental

Kern WaterBank. The KWB program is a proposed con- fish screening losses and only slightly degrade waterquali-
junctive use ground water program being developed byty.
DWR, in cooperation with KCWA and local water dis-
tricts, to augment the dependable water supply of SWP.Glenn-Colusa Irrigation District - DWR Contract. In late
This program wouldallow KWB to store and extract water 1988, DWR entered into an agreement with Glenn-
from the Kern County Ground Water Basin, in coordina- Colusa District to perform a cooperativeIrrigation
tion with the operation of surface water storage and con-ground water investigation. Past studies indicate it is pos-
veyance facilities. In general, water would be banked in sible and may be economically feasible to develop a well
the basin during years of above-average water supply andfield. The investigation evaluates the impact and eco-
withdrawn during drier years, when surface water supplies nomic considerations of developing the ground water.
are below average.

The Glenn-Colusa Irrigation District has drilled a test
well to determine the feasibility of supplementing the sur-KWB.is being developed as an individual "element," or
face water supply with ground water. DWR is funding 50component, of an overall water recharge, storage, and ex-percent of this project. The district wishes to develop atraction program of SWP in the Kern County Ground Wao
conjunctive use operation to ensure its users a reliableter Basin. The Kern Fan Element is a program of direct

recharge and extraction on 20,000 acres along the Kernsupply during water shortages. They would like to de-

River alluvial fan, west of Bakersfield and adjacent to the velop a ground water capacity of about 100,000 AF per

California Aqueduct. DWR purchased the land in 1988.year. The district testing program has been successful, and

Additional "local elements" will be developed as coopera-a production well yielding some 3,000 gpm has been com-

tive programs with surrounding water districts. These 1o-pleted. The next phase of the investigation is now being

cal elements will be combinations of in-lieu and direct re-planned.

charge programs. In wetter years, in-lieu programs will Water Conservation
provide additional water to local farmers in return for re-
duced water years, pro- The ethic of conserving water has been woven throughsurface deliveriesindrier Such
grams will generally involve expansion of surface waterlawand practicein California for decades. It can be traced
distribution s)’stems to deliver additional water in wetterback to a 1928 Constitutional Amendment, which was

adopted to ensure the reasonable and beneficial use andyears and constructionof additionalwellsto increase
pumping capacity in dry years, the prevention of waste and unreasonable use of water.

1989, the Kern Fan Element was restruc- The 1976-77 drought demonstrated, sometimes dramati-During program
tured for staged development. Initial plans called for de-cally, that people can reduce water use when an emer-

velopment of a program with maximum storage of i mil-gcncy requires it. This experience, coupled with the grow-

lion AF, with the first stage planned for maximum storage ing cost of major water project development, has led to an

of 300,000 AF. The first stage is planned for developmentarray of water conservation programs at the State and lo-

beginning in 1991, and ultimate development following incal government level.

3 to 4 years. Water management plans for urban areas will benefit both
project operations and contractors by reducing demand

Local elements will also be developed in stages. As of De-buildup schedules, thereby stretching available supplies
cember 1989, one local element was being studied at theand reducing risks of water shortages. The reduced de-
feasibility level, and four others were being studied at themand buildup schedule would minimize potential Delta
reconnaissance level, export impacts.
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The two most recent significant pieces of legislation areweather station network that records solar radiation, wind
the Urban Water Management Planning Act of 1983 and speed, rainfall, air temperature, humidity, and soil tem-
the Agricultural Water Management Planning Act of perature.
1986. Both require the larger water suppliers, under cer-
tain conditions, to prepare water management plans. These data are transmitted daily by telephone to a central

computer that calculates how much water certain plants
Urban Conservation. Some 300 urban water suppliers have in a certain area would have used under specified condi-
prepared water management plans under the Urbantions for such factors as soil moisture availability and
Water Management Planning Act of 1983. These plansplant growth. The results are then made available to
identify many current and future water conservation pro- farmers and other interested parties, who access them
grams. They include low water-use landscaping and im-through personal computers. The information is also
proved irrigation efficiency on large turf areas, water available through irrigation consultants, county farm ad-
audits and leak detection, industrial water conservation,visors, U.S. Soil Conservation Service (SCS) field offices,
residential retrofit with low-flow and ultra-low-flow toi- and the media.
lets and showerheads, waste water reclamation, capital
outlay projects to replace old water mains and similar fa-While crop water use estimates help farmers decide when
cilities, public education, and in-school education. DWRto irrigate and how much water to apply, mobile irrigation
has provided technical and financial assistance to urbanmanagement laboratories are also available to measure
water agencies and local governments in all these areashow efficiently an irrigation system is working. These labs
since 1980. are operated by local resource conservation districts, with

technical support from SCS.
Agricultural Water Conservation. California’s agricultural
sector has for decades been developing and implementingIn 1986, the Legislature passed the Agricultural Water
ways to reduce on-farm water use. This conservation el- Management Planning Act. It required every agricultural
fort has been broad-based, involving various public insti-water retailer supplying more than 50,000 AF of water, if
tutions, private industries, and individual farmers. Yearnot covered by water conservation requirements of State
by year, on a continuing basis, many different irrigationand federal agencies, to report to DWR on how its water
techniques have been developed to reduce and tailoris managed. If the supplier finds that water can be con-
water use for the varied irrigation conditions encounteredserved, or that the quantity of highly saline or toxic drain-
throughout the State. age water can be reduced, the supplier must adopt an agri-

cultural water management plan.
DWR has had a multffaceted agricultural water conserva-
tion program since 1980. It focuses on assisting water dis-Industrial Water Conservation. Under a contract with
tricts and growers with irrigation scheduling based on cropDWR, MWD completed a literature search to identify in-
water needs, education to improve the efficiency of vari-dustrial water conservation technologies. The best of the
ous irrigation systems, support of research related to im-abstracts have been reprinted and made available to local
proved irrigation management and reductions inwater districts for distribution to industrial customers.
evapotranspiration rates of crops, and financial assistance
to agricultural water districts to begin or expand their irri- DWR is also cosponsoring a project with the City of San
gation management programs. Jose. The city’s consultant will visit selected industries to

assess their potential for improving their water use effi-
Since the mid-1970s, DWR has published estimates ofciency. Follow-up pilot projects will be undertaken for
weekly crop water use--information that many farmers those industries showing potential.
have used to schedule irrigations. The estimates are
based on measured rates of evaporation from standardWater Transfers
National Weather Service evaporation pans installed at
selected sites within some of the major irrigated areas ofStatewide emphasis on several distinct types of water
California. Now, in response to the need for real-time transfers has intensified during the 1980s. A number of
evapotranspiration information, daily estimates of cropnew laws have been passed that express State policy, add
water use are available through the California Irrigation to the existing water rights authority of SWRCB, and
Management Information System, a large, automatedauthorize new programs for DWR.
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These include: Ideally, a market system involving transfer of water
should improve the lot of both the buyer and seller. The

¯ Voluntary transfer of water and water rights is advo- buyer should gain by acquiring water needed at a favor-
cated, where consistent with the public welfare of the able cost; the seller should gain by receiving more in re-
place of export and the place of import, turn than he would gain by keeping the water. However,

there is concern that such transactions may not adequate-

¯ DWR and SWRCB are directed to encourage volun- ly compensate not directlythose involvedinthe buying

tary transfers of water and water rights by offering and selling process ( farm laborers, food processors, and

technical assistance, if necessary, to identify and im-retailers, for example).
plement water conservation measures that will make
additional water available for transfer. Market water transfers can realize efficiencies; however,

equity questions can arise, including instream uses, waster

authorized to rights questions, third-party impacts, and adverse eco-Local andregionalpublicagenciesare
sell, lease, exchange, or transfer surplus agency water

nomic and environmental effects.

for use outside the ager~cy. Questions are also being raised over whether a market
concept would really result in the highest and best use of

¯ State and local agencies are prohibited from denyingthe water resource. It may be more a sign of comparative
a bona fide transferrer of water the use of unused ca- purchasing power among sectors than an optimum use
pacity in a water conveyance facility. The urban sector, for example, could probablypattern.

outbid agriculture for a given water supply, but water used
DWR is required to: to irrigate lawns or wash cars could be regarded as having

less economic and social value than water used to produce
¯ establish an ongoing program to facilitate the food.

voluntary exchange or transfer of water;
To date, it appears that a true "market" is unlikely to

¯ implement various State laws pertaining to evolve on a statewide basis in California. However, the
water transfers; fact that water managers and water constituent groups

have begun to think in "market" terms has already led to
¯ create and maintain a list of entities seeking to numerous innovate suggestions for water transfers and

enter into transfers and a list of the physical facili- water sharing.

ties that may be available to carry out water trans-
fers: and Transfer ofS WP Entitlements. In March 1987, the Califor-

nia Water Commission sponsored a "Briefing and Discus-

¯ prepare a water transfer guide,                     sion of Transfer of SWP Entitlements" in Ba!~ersfield.
The Commission heard statements from representatives
of various SWP contractors. Some of the contractors

Water transfers can increase Delta inflow and outflow in would like to sell their entitlements, others would like to
drier years, increase exports when transfers are north ofpurchase entitlements, and still others support the con-
the Delta, and decrease exports when transfers are south
of the Delta. Water quality will be improved, although fish

ccpt of the SWP buying back entitlements.

screening losses will be increased. CVP Purchases. DWR has an interest in purchasing exist-
CVP that CVP will not need for at leasting watersupplies

In March 1986, DWR established an in-house Water10 to 20 years. DWR is interested in acquiring such inter-
’li-ansfcrs Committee to respond to the interest in waterim supplies to meet near-term gWP needs.
marketing and water transfers. The committee has pub-
lished two documents to facilitate the voluntary exchangeThe COA provides that Reclamation and DWR will nego-
or transfer of water within California. They are titled A tiate a contract for the sale of interim federal water to
Catalog of Water Transfer Proposals and Questions to be I)WR and for conveyance of federal water through SWP
Askedin the Caseby Case Review of Water TransferPropos- aqueduct facilities. SWRCB, DFG, and USF&WS arc
als. A draft Water Transfer Guide. authorized by Section also involved in the negotiations, which arc open to the
482 of the Water Code was released in June 1989. public. The negotiations are closely coordinated with peri-
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odic meetings with the State water contractors. (See alsomeetings were primarily to allow MMWD to present its
"Wheeling-Purchase Negotiations" in Section 10 (h) oftentative plans to NBA users and assure them that if its
the COA, page 192.) use of the NBA should prove feasible, it intends to negoti-

ate mutually beneficial agreements for that use.
Yuba County Water Agency. DWR entered into an agree-
ment with the Yuba County Water Agency (YCWA) to Technology For Increasing Water Supply
purchase water released from New Bullards Bar Reser-
voir during the summer of 1988. The release of this waterThe following sections describe the present situation re-

by YCWA allowed DWR to hold a corresponding amount garding augmentation of water supplies by various tech-

of water in Lake Oroville and had the effect of transfer- nological approaches.

ring the water from New Bullards Bar Reservoir to Lake
Oroville. Watershed Management. Watershed management can pro-

tect developed supplies by reducing sediment accumula-

DWR and YCWA re-negotiated a water transfer for tion in reservoirs and increasing streamflow by managing

1989. Yuba County agreed to make 200,000 AF of watervegetative growth. Reducing the amount of shrub and

available. Santa Clara Valley Water District paid the costs tree cover and substituting grasses both reduces vegeta-

of transferring 90,000 AF, and Tulare Lake Basin Water tive water use and increases runoff. Water supplies may be

Storage District paid the costs of transferring the remain- augmented where reservoirs regulate the increased

ing 110,000 AF. runoff.

Water supplies gained by such means, although small in
Discussions concerning another transfer in 1990 haverelation to total runoff, can cost less than supplies devel=
been proceeding informally, oped by building new reservoirs. However, extensive ar-

eas would have to be managed to significantly increase
City of Napa. The city purchased 7,000 AF of water from statewide water supplies. Vegetation management is now
YCWA for use in 1989. The water was conveyed through
the North Bay Aqueduct (NBA). being used principally to improve range, reduce wildfires,

and enhance wildlife habitat.

East Bay Municipal Utility District. Water rationing was in- Watershed management upstream of the Delta can in-
stituted in 1988 and had been planned for 1989, at the 25crease Delta inflow and increase drier year export and
percent reduction level. The East Bay Municipal Utility outflow. The technique can improve water quality protec-
District (EBMUD) purchased 60,000 AF of water from tion in drier years and increase river flows while increas-
the YCWA to avoid rationing at greater than 25 percent, ing screening losses.
As a result of additional rains, however, EBMUD did not
use this water. In August 1989, EBMUD sold 30,000 AF of Weather Mod(fication. Research has established that rain
the purchased water to DFG for use in the San Joaquinand snow from clouds with the right moisture and tern-
Valley for salmon enhancement and riparian use. Theperature characteristics can be increased by weather
City of Napa and EBMUD negotiated directly with modification. Many investigators believe that average an-
YCWA for their purchases, nual precipitation might be increased by about 10 percent.

Weather modification has been conducted along the west-
Matin Municipal Water District. Matin Municipal Water ern slopes of the Sierra Nevada and some of the Coast
District (MMWD) is seeking a supplemental water supply Ranges for several years. However, precipitation will in-
of 10,000 AF per year, with the NBA as a possible link in crease only when storm clouds are present, which means
the delivery chain. Water purchased by MMWD some- that the technique is more successful in years of near-nor-
where in the Central Valley could be rediverted from the mal rainfall. Weather modification is most effective when
Delta into the NBA and delivered at NBA terminal facili- combined with vegetation management to prevent shrubs
ties. MMWD would have to build a conduit from the and trees from using the additional precipitation.
NBA to its service area in Marin County.

In 1985, DWR awarded a contract to North American
DWR has participated in meetings with MMWD and rep- Weather Consultants to conduct a feasibility study of
resentatives of the Napa and Solano County agencies thatcloud seeding in the Feather River watershed. The results
have contracted for deliveries from the NBA. These lcd to funding the design of an operational plan and prep-
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aration of environmental documentation for an inflow en-Unfortunately, it is still too expensive for all but a few
hancement program, places and situations in California. Present desalting

processes can remove high percentages of organic and in-
The emphasizes augmenting streamflow by in- organic constituents from water, including sea water.program
creasing snowpack. It is being developed from a 3- toMoreover, fresh water obtained from desalting processes
5-year prototype project in a remote area of the Middlecan be tailored (by careful selection of process type and
Fork Feather River near Johnsville. The final operationaldesign) to meet the water requirements of almost any
plan is being designed and implemented by a weather sci-beneficial use.
entist.

The principal limitation of desalting is its high cost, which
DWR is totally funding the prototype project. DWR will is directly linked to its high energy requirements. In Cali-
also provide environmental documentation for this pro-fornia, cost has greatly restricted its use. Of the various
gram and for possible future expansions, desalting techniques, the membrane processes (reverse

osmosis and electrodialysis) offer the best potential to fur-
The prototype project will furnish information to guide ther reduce costs and thus increase use. Extensive re-
future design of a larger cloud seeding program in thesearch is being conducted in tile private and public sectors
Feather River watershed. The final operational projectto improve the performance of membranes used to re-
will specify the type of storms to be seeded, seeding agentsmove salt from water. Future improvements in the various
to be used and rates of application, locations for ground-distillation methods of desalting are likely to be less sig-
based generators, suspension criteria, and proposednificant than those related to membrane desalting.

method of evaluation.
The Los Banos Demonstration Desalting Facility in the

~I~ae program began in October 1988 with issuance of aSan Joaquin Valleybegan operation in late 1983 to investi-

Negative Declaration for the prototype runoff-enhance- gate the present technology and economics of reclaiming

merit program. In November 1988, two propane dispens-drainage water by desalting. In late 1986, following the

ers were installed to permit evaluation of the capabilitiesSan Luis Drain shutdown by the federal government, the

of the equipment control system and to provide informa-plant lost its agricultural feedwater, and, except for the

tion on the effectiveness of using propane to enhance pre-solar pond system, the facility closed down. No results

cipitation, have been reported.

The DWR solar pond system at Los Banos is still operat-If the program proves to be feasible, the eventual average
yield might approach 100,000 AF for a 50-dispenser oper-ing. The Rankine-cycle power generator has operated for

ation two summers, producing about 10W. A 5,000 gallon-per-program. day vertical-tube foamy evaporator desalter has been in-

Upstream weather modification can increase Delta inflow tegrated into the system to demonstrate steady-state op-
eration of a salt-gradient, power-generation desaltingand increase drier year export and outflow. It can improve

water quality protection in drier years and increase riversystem.

flows while decreasing screening losses. DWR is cooperating with other agencies to establish a
multiagency treatment center for investigating selenium-

Desalination. The possibility of finding an economical way specific removal technologies and evaporation ponds.
to desalt ocean water and brackish water has intrigued en-This treatment center would be located at Westland Wa-
gineers, politicians, and the public for manyyears. Muchter District’s Tranquillity site. Additional desalting
research has been done and, in some parts of the world,prctrcatment studies by DWR could be conducted at this
dcsalting is an important source of water. Worldwide, de- site.
salting capacity is about 3 billion gallons per day in 3,500
plants. In the United States, about 750 desalting plantsIn California, dcsalting technology is being studied or
have a combined capacity of 212 million gallons per day.used in the following situations:
In California, desalting is used to reclaim brackish ground
water, desalt sea water, and treat water for such industries̄ Reverse osmosis and clcctrodialysis membrane de-
as the electronics industry, which require processed water salting of brackish ground water can be used to supply
of high purity, drinking water. This may or may not be related to the
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brackish nature of the water but may instead be a case gradient solar ponds. Studies of these activities are
in which a particular constituent (natural or other- continuing.
wise) must be removed to meet health or other stan-
dards. In the Arlington ground water basin in South-Although the use of desalting to supplement water sup-

ern California, a project is in the planning stage toplies will continue to be guided by local circumstances, it is

desalt about 6,000 AF of local ground water a year; likely to increase as the costs of more conventional water

and in Orange County, a 1-million-a gallon-per-daysupplies rise and the expense of desalting (particularly re-

reverse osmosis demonstration plant is being con-verse osmosis and electrodialysis)decreases.
structed. At both sites, the major water quality con-
cern is high nitrate concentrations in the local groundDesalination south of the Delta has the potential to re-

water, a desalting application that is likely to findduct Delta exports, increase water quality protection, and

wider acceptance as new, more efficient membranesminimize screening losses.

are developed. Waste Water Reclamation. Reclaiming and reusing water
can lead to important benefits. Reusing water can defer or

¯ Reverse osmosis can be used to reclaim domesticeliminate the need to develop new fresh water supplies
waste water before it is recharged into ground water and conveyance facilities. Reclaiming the water in a satel-
basins. The best example of this in California is thelite treatment plant near the place of use can postpone
Orange County Water District’s Water Factory 21, the enlargement of collection systems and treatment
which treats 15 million gallons of waste water a day in plants. Similarly, reclamation may reduce waste water dis-
an advanced waste water treatment and desaltingcharge and defer expansion of ocean outfall systems.
plant and injects it into the local ground water basin.

Reclaimed water is used for various purposes, including
¯ As water pollution standards become more stringent,irrigation, industrial cooling, and ground water recharge.

California industries can use desalting to meet dis-Industrial process water may be recycled to recover heat
charge requirements. In the San Joaquin Valley, theor materials, save water, and reduce sewage discharge
olive-processing industry, whose discharges are heav-fees.
ily saline, is studying desalting as a method of reduc-
ing waste water and supplementing its process waterWaste water can be treated to drinking-water quality;

supplies, however, reuse for drinking water is not permitted, pend-
ing studies to determine the long-term effects of re-
claimed water on human health.¯ Throughout the State, many industries use desalting

to develop process water required for manufacturing Because many potential sites for reuse are often located
paper, pharmaceuticals, certain foods, and electronicfar from the point of supply, the need for separate storage
components, facilities and dual distribution systems increase the costs

of many reuse projects. Furthermore, users may be ex-
¯ Finally, sea-water desalting is used at locations suchpeered to pay the full cost of developing a reuse project.

as PGandE’s Diablo Canyon Power Plant, where a
sea-water reverse osmosis plant provides in-plantMore treated municipal waste water is now produced in
water. In the San Joaquin Valley, many agencies have California than is being reclaimed, yet water reclamation
been studying the disposal of brackish agriculturalis increasing. In 1985, about 250,000 AF was reclaimed. At
drainage water for decades. DWR has investigatedpresent, hundreds of thousands of acre-feet of treated
reclamation ot" agricultural drainage water by reverse water are discharged to the ocean every year. By 2010, un-
osmosis since the early 1970s. Discovery of seleniumder favorable conditions, statcwide use of reclaimed wa-
in this water and the ill effects this element has on ter could reach 500,000 AF annually, as urban water man-
aquaticwildlife have increased interest in reclaiming agers continue to seek opportunities to use reclaimed
drainage water, rather than discharging it to thewater in-lieu of water of drinking quality. The greatest
ocean or estuary. In California, the potential exists toincentives for expanded reuse occur where 1) treated
reclaim several hundred thousand acre-feet of drain- waste discharge is limited by regulation, 2) treatment
age water per year through a combination of desalt-plant capacity is being excccdcd, 3) potable water supplies
ing, salt-harvesting, and powcr production from salt-are being fully used, or 4) potable water is cxpcnsive.
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¯ Sea-level rise. The current rate of sea-level rise isLong-Range Weather Forecasting
probably about 0.7 feet per century along the Califor-

Accurate advance weather information--extending nia coast based on San Diego and San Francisco tide
weeks, months, and even seasons ahead--would be in- gage records. The rise has been fairly constant during
valuable in planning water operations in all types of years the past 50 years and does not show acceleration. A
-- wet, dry, and normal. Had it been known, for instance, study conducted by EPA investigated the conse-
that 1976 and 1977 were to be extremely dry years or that quences of a 3.3-foot rise, which would be substantial.
the drought would end in 1977, water operations could However, such a rise probably could not occur until
have been planned somewhat differently and the impacts some years after 2050.
of the drought might have been lessened. In the rise to the level would beDelta, a higher very

The potential benefits of dependable long-range weather significant because of the poor levee systems. Any

forecasts could probably be calculated in hundreds of mil- rise could cause some problems. However a minor

lions of dollars, possibly even in billions. The value would rise extensionof currentrates--couldbetoler-

be national. For this and other reasons, research pro- areal. A major rise, however, would cause significant

grams to investigate and develop such forecasting capabil- problems both in the Delta and along the shores of

ity would most appropriately be conducted at the national San Francisco Bay.

level. The National Weather Service and the Scripps In- The effect of higher sea levels shows up mostly dur-
stitute of Oceanography are engaged in making such fore- ing storms, when the risk of extremely high tides is in-
casts. However, their predictions are not sufficiently reli- becomecreased, and formerly uncommonevents
able for project operation, frequent. This could cause a shift in the frequency of

extreme events. The rare once-in-100-years event
Global Warming (Greenhouse EffecO. In 1988, the issue of could become a 10-year event. The other effect of a
global warming was widely publicized by articles in maga- higher sea level is increased salinity intrusion due to
zincs and newspapers and by a series of Congressional increased channel depth. Probably enough silt comes
hearings. This widespread interest was undoubtedly down the Sacramento River system to offset a small
abetted by the warm summer and the 1988 drought. There rise in sea level in the upper estuary (especially in
was, and still is, a perception by much of the public that Suisun Bay). It is suspected that the effects on salinity
"something is wrong with the weat er. The greenhouse intrusion would be less than that caused by the deep
effect offers a possible, although controversial, explana- water ship channels, unless the rise exceeds 1 foot.
tion.

Warmer temperatures would also affect crop patterns
Any warming trend, whether the greenhouse effect or just and, water The factor is thethereby, use. biggest po-
part of a long-term trend, could have some of these el- tential reduction in frost damage, but warmer tem-
fects: peratures could put added stress on some crops (as

well as many of our forests and native plants). These
¯ Changes in runoff patterns, with more during the win- changes would permit expansion of some crops, such

ter and a decrease in snowmelt. Due to snow falling at as citrus fruits. There may be some additional agricul-
higher levels during storms, more precipitation would rural problems because of more smog. Higher air
fall in the form of rain-producing direct runoff, and temperatures promote smog, producing reactions in
less would be held over until spring as snow. This the atmosphere.
means less snowmelt runoff and more winter flood
runoff. ¯ Change in water use. Higher temperatures would also

increase evapotranspiration. This may be offset
This would be of concern since average April-July somewhat by lower plant water use as a result of high-
runoff is about 14 million MAF, or about 40 percent of er CO2 concentration. The plants do not have toopen
the estimated total statewide net water use of 34 their pores as widely to receive the CO2 needed for
MAF. Loss of one-third of this natural regulation is photosynthesis. Most observers think the net effect of
3.5 MAP’, which then would have to be replaced by higher temperatures and increased CO2 will be high-
new water storage facilities or a reduction in water er water consumption, although perhaps not a large
supply yield, increase.
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¯ Potential change in rainfall patterns. Although more dates for the revised drafts are uncertain at this time. The
precipitation would be expected worldwide becausepotential cumulative effects of the water contracts will be
of greater evaporation, it probably will not be evenlyvery nearly the same as the COA effects in the following
distributed. If the winter storm track is shifted farther section.
north, consequences for California would be serious,
because we depend on the southern movement ofWater Supply Reductions
these storms for much of the winter rain and snow. in Southern California
Rainfall predictions from the global circulation mod-
els are probably not reliable. There maybe some corn-Rapidly growing Southern California, with its existing wa-
fort in the fact that known predictions show little ter development facilities and successful legal challenges
change in annual precipitation. Some models do showto sustain or expand its supply, faces increasing dry-year
drier springs, however, which would compound thewater deficiencies.
loss in spring runoff.

Southern California gained an estimated 350,000 new res-
On the other hand, despite drought years, the totalidents during 1988-89, and the area contains five of the
water year runoff of the Sacramento River has risen nation’s ten fastest-growing counties. In addition to the
during recent decades, problem of population growth, the area will soon have to

adjust to reduced water supplies from both the Colorado
U.S. Bureau of Reclamation River and the eastern Sierra.
Water Contracting Programs

Colorado RiuerSupply. Priorities for use of Colorado River

Since 1979, Reclamation had imposed a moratorium onwater in California are based on the 1931 Seven-Part
new long-term contracts for uncommitted water from the Agreement as modified in 1964 by the U.S. Supreme

Court’s decree in Arizona vs. California. With the CentralCVP becauseof concernsaboutenvironmentalandwater
quality effects in the Delta. Arizona Project on line, California can no longer depend

on receiving more than 4.4 million AF of Colorado River
The Coordinated Operation Agreement (COA) enactedwater per year. As the junior appropriator, MWD is lim-
in 1986 requires the CVP, in conjunction with the SWP, to ited to 550 TAF per year of fourth-priority water plus half
operate in conformity with State water quality standardsof any surplus flows on the lower Colorado River. After
with few exceptions. This action has lifted the moratori- deducting allotments for three Indian reservations, mis-
urn, and Reclamation is now able to resume long-termcellaneous present perfected right holders, delivery sys-
contracting of available and uncommitted water from thetern losses, and possible further rights for water to Indian
C~v~ The law, however, requires an EIS, because enter-tribes, MWD could be reduced to about 360 TAF per
ing into new long-term contracts is a major federal actionyear--down from a recent use averaging 1.1 MAF per
that may have significant effects on the environment inyear.
such areas as fisheries and wildlife, energy, land use, pop-
ulation, housing, and related social effects. Reduction of water supplies will potentially increase Del-

ta export and inflow, decrease outflow, reduce water qual-
Because three distinct areas--the Sacramento River Ser-ity protection, and increase fish screen losses.
vice area, the American River Service area, and the Delta
Export Service area--would be served under the new wa-Eastern Sierra Supplies. For several years, environmental-
ter contracts, Reclamation has prepared an EIS for eachists have been attempting to overturn permits and licenses
area. issued to the Los Angeles Department of Water and Pow-

er (LADWP) to divert water from Mono Lake. Finally, in
In late 1988, Reclamation distributed three draft EIS’s forAugust 1989, a Superior Court ruling mandated drastic
public review. The draft EIS’s disclose probable impactscuts in the City’s diversions, and later, a change in the way
of selling available and uncommitted water from the Sac-that LADWP was preparing to route the increased flow
ramento and Trinity river diversions of CVE from Mono Lake.

Because of the overwhelmingly negative comments onLADWP had been diverting up to 100 TAP" per year from
the draft EIS’s received by Reclamation, it has begun revi-the Mono Lake Basin, about 17 percent of its annual
sion of the documents where appropriate. Completionneeds. The recent ruling will reduce the diversion sub-
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stantially, although a final determination has not beenissues. Together, the bills form the Environmental Water
made. LADWP will probably have to rely more on its ex- Act of 1989. Principally designed to protect the sensitive
isting contracts with MWD. ecology of Mono Lake, the Act provides as much as $60

million to replace water and power supplies lost by
The reduced water supplies from both the Mono Lake Ba-LADWP in preserving the lake.
sin and the Colorado River will mean that eventually
MWD will have to obtain additional water supplies else- Local Upstream Increased Use
where. There are, however, several problems:

As growth continues in the northern California region, lo-
¯ MWD’s largest source, SWR has not been corn- cal water development and use will increase. This could

pleted, and environmental concerns in the Delta mayreduce streamflow available for export unless additional
impede additional deliveries, storage facilities are added. Increased upstream use can

potentially reduce Delta inflow and exports, and reduce
¯ MWD relies on ground water for about one-third of instreamfish and wildlifebenefits.

its supply. Expansion of this supply is limited, and cur-
rent supplies are threatened by contamination andUpper Sacramento River Fisheries and

more stringent health standards. Riparian Habitat Management Plan

¯ Athird source, large-scalewaterprojects, is eitheraf- State. Severe declines in salmon and steelhead popula-

fected by environmental concerns or negative publictions and riparian habitat over the past four decades

sentiment, prompted the California Legislature to enact 1986 legisla-
tion calling for preparation of a fisheries and riparian

Environmentalists have suggested that current supplieshabitat management plan for the Sacramento River, from

be used more efficiently, for example, water conservation,Keswick Dam to the mouth of the Feather River. The act,
waste water reclamation, and re-allocation of water sup-SB 1086, created an advisory council composed of 25
plies from agriculture to urban use. members from federal, State, and local agencies and envi-

ronmental, fishery, and landowner groups.

In this regard, MWD has agreed with the Imperial Irriga-
tion District to fund conservation measures in exchangeAbout 150 years ago, the Sacramento River was bordered

for an estimated 100 TAF of water that would be saved, by up to 500,000 acres of riparian forest, with bands of

MWD is working on a similar project with Reclamation to vegetation spreading 4 to 5 miles. As agriculture and ur-
ban areas developed along the river, the riparian vegeta-line the All-American Canal in exchange for the water

saved. The District has offered to buy Colorado River wa- tion was gradually reduced. Today, less than 5 percent of

ter from Palo Verde Irrigation District in dry years and is the original acreage remains.

exploring a contract with Arvin-Edison Water Storage Riparian lands provide a highly suitable and often critical
District to store water underground during wet years for habitat for a wide array of birds, mammals, and other wild-
extraction in dry years, life. State and/or federal threatened or endangered spe-

cies include the bald eagle, western yellow-billed cuckoo,Beyond year 2010, development of new water projectsSwainson’s hawk, and the valley elderberry beetle, which
may be the only way to obtain reliable and adequate wa-is endemic to the Central Valley. Species of special con-
ter supplies. The State-sponsored projects remaining oncern include the bank swallow and the California hibiscus.
the books--which are mainly designed to capture excessThe area also provides habitat for raptors, migratory birds,
winter flows for storage south of the Delta (Delta im- wood ducks, and other waterfowl.
provements, KWB, LBG)--are estimated to increase the
total SWP supply to between 3.5 and 3.7 million AF. TheGoals and policies identified by the advisory council are:
SDWMP can facilitate delivery of additional supplies but,
by itself, will add only small incremental amounts to thē The habitat protection plan would reestablish a con-
other related projects, tinuous riparian ecosystem along the river between

Chico and Redding and reestablish riparian vegeta-
Finally, two recently signed bills will set aside $390.8 mil- tion along the river from Verona to Chico, consistent
lion to help resolve a number of the State’s water-related with the Sacramento River Flood Control Project.
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The Advisory Council’s intent is to give the highest Federal A $185 million measure to restore fish popula-
priority to a fishery restoration plan that will protect, tions in the Sacramento River over the next 10 years has
restore, and enhance wild strains of salmon andbeen introduced in Congress. Part of the money would be
steelhead, used to build new fish ladders and more effective fish

screens at the Red Bluff Diversion Dam and the Ander-
¯ Actions that will maximize habitat restoration for son-Cottonwood Irrigation District Dam. Part of the

naturally spawning salmon and steelhead will befunds would be used to increase the quantity and quality
given second priority. Natural production is intendedof gravel used for fish spawning and rearing between Kes-
to be limited only by the carrying capacity of the natu- wick and Red Bluff Diversion dams.
ral ecosystem.

Some of the funds would be used to update and expand
¯ Artificial production will be limited to actions that the Coleman National Fish Hatchery near Redding, to

will fully compensate for fish populations that existed construct new hatcheries, and to build a $50 million device
at the time their historic habitat was permanently lostat Shasta Dam to help control downstream water temper-
due to blockage by construction of dams or by otheratures, which have devastated the salmon run in recent
human actions, years.

¯ This plan should provide measures necessary to mini-The funds would also be used to reduce the level of toxic
mize fish losses due to entrainment, predation, andzinc and copper leaking from the Iron Mountain Mine
other hazards associated with diversion of water from complex into the Sacramento River and to improve fish
the upper Sacramento River and its tributaries. Suchscreening at the Glenn-Colusa Irrigation District diver-
measures may include installing fish screens, reduc-sions headworks.
ing diversions during critical periods, or relocating di-
version points to avoid conflicts with fish populations.Mitigation Banking
The owner of the diversion is not responsible for
costs. When existing State laws require the owner of The mitigation banking concept is still in its infancy and is
a diversion to help pay for these measures, the ownernot fully defined. As now applied, the concept involves
will be expected to participate. "wetlands" and "wetlands banking"; in the future, howev-

er, this concept could be applied to other ecosystems, such
¯ State and federal legislation should be enacted asas oak woodlands, native grasslands, forests, etc.

soon as possible to provide authority and funding
needed to implement the actions contained in thisIn January 1987, DFG adopted the Wetlands Resources
management plan. Policy, which states that".., it shall seek to provide for

the protection, preservation, restoration, enhancement,
¯ The State of California should commit the necessaryand expansion of wetlands habitats." Mitigation mea-

funding from a combination of Proposition 70, Propo-sures for unavoidable impacts to wetlands must therefore
sition 99, and other sources to meet the State’s shareresult in no net loss of either wetland acreage or wetland
of the costs, habitat values.

¯ The fishery and riparian habitat measures containedDFG recognizes that in some projects it is not always pos-
herein should be implemented in general confor-sible to avoid impacting wetland habitat and that on-site
mance with the priorities indicated, mitigation is at times infeasible or undesirable from a bio-

logical perspective. DFG has provided definitions perti-
¯ State and federal legislation should be enacted tonent to wetland mitigation banks in a December 1989

authorize an Upper Sacramento River Advisory Draft publication, Guidelines for Establishment and Use of
Council to facilitate implementation of the manage- Wetlands Mitigation Banks. The definitions are as follows:
ment plan.

¯ "Qualified Wetland Mitigation Bank. A single contig-
The various potential projects on the upper Sacramento uous parcel of land consisting of non-wetland habitat,
River can decrease Delta outflow, increase Delta exports, which has undergone those physical changes neces-
reduce water quality protection, and significantly improve sary to create and optimize the acreage and quality of
Delta fisheries, wetland habitat on the site for the express purpose of
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providing mitigation credits to offset the adverse im- ment projects ManagementundertheWestDelta Water
pacts to wetlands from approved projects elsewhere.Program may result in the application of the mitigation

banking concept.
¯ "Bank Developer. A legal entity established to ac-

quire land, to create or restore and maintain wetlandThe mitigation banking concept has the potential, when
habitat upon that land and to operate said land as aconsidered cumulative with other project(s) to reduce the
qualified wetland mitigation bank pursuant to an op-total environmental impacts.
erations agreement with DFG. The Bank Developer
may employ an agent(s) to actually operate the miti-San Joaquin Valley Agricultural

gation bank, provided that said agent(s) has been ap-Drainage Program
proved by DFG.

Current agricultural drainage conditions on the west side
¯ "Project Proponents. Public or private entities acting of the San Joaquin Valley present three basic problems: 1)

on their proprietary or management capacity, which salt balance, 2) water balance, and 3) toxic or potentially
have received all of the permits or other clearancestoxic trace elements in subsurface agricultural drainage,
necessary to implement a project that would unavoid-which, when discharged to streams, ponds, or wetlands
ably and adversely impact wetlands and who seek tocan adversely affect fish and wildlife.
compensate for the loss of the wetland acreage and/

The severity of the toxic problem became known aboutor wetland habitat values through participation in a
mitigation bank. 1983, with the discovery of deaths and deformities of wa-

terfowl, which were linked to high selenium levels in agri-
¯ "Mitigation Credit. A unit of measured area support- cultural drainage water at Kesterson Reservoir.

ing wetland habitat and wetland habitat values notIn mid-1984, Reclamation, USF&WS, USGS, and DFGpreexisting at the bank site prior to bank develop-formed the San Joaquin Valley Drainage Programment. Each such unit shall have been assigned a habi-
tat value by the DFG in consultation with other ap- (SJVDP) to investigate drainage problems and identify

propriate resource agencies." possible solutions. The four goals of the SJVDP are to:

¯ minimize potential health risks associated with sub-
The impacts of projects on wetlands may be offset by a surface agricultural drainage water;wetland mitigation bank if DFG determines that the fol-
lowing conditions have been met: ¯ protect existing and future reasonable and beneficial

uses of surface and ground water from impacts asso-¯ the project is the least environmentally damaging; ciated with drainage water;

¯ on-site mitigation is either infeasible or undesirable;̄ protect, restore, and, to the extent practicable, im-

¯ no suitable mitigation site exists closer to the point of prove valley fish and wildlife resources; and

impact; ¯ sustain the productivity of farm land on the west side
of the San Joaquin Valley.¯ the project is located no more than 40 aerial miles

from the bank site and DFG has concluded that aIn 1987, the SJVDP narrowed its focus on planning alter-
lesser distance is not needed to assure effective corn-natives for solving drainage problems to measures that
pensation for affected species; could be taken within the valley itself. In 1989, the SJVDP

published a report on preliminary planning alternatives,¯ the project sponsor obtains all necessary permits andwhich would consist of combinations of drainage manage-
written statements from all permitting agencies thatment strategies falling into seven categories:
use of the selected site is acceptable: and

¯ source control to reduce drainage from individual
¯ DFG consults with all resource conservation agencies farms;

and permitting authorities.
¯ management of shallow water tables by pumping;

Consideration of the potential wildlife mitigation oppor-
tunities available for present and future water develop-̄ treatment of drainage water:
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¯ reuse of drainage water; Joaquin River to supply downstream canals and some of
the riparian pumps.

¯ disposal of drainage water.in the valley;
Recently, local interests have indicated that the Reclama-

¯ fish and wildlife measures; and tion should re-operate the project and install some facili-
ties to restore and enhance downstream flow and habitat.

¯ institutional changes. Reclamation is committed to work with State and local in-
terests on a San Joaquin River Basin fishery recovery pro-

Drainage-water reduction and disposal methods includegram.
irrigation improvements, reuse of drainage water for
propagation of eucalyptus trees and saltbrush, and limitedSan Joaquin River Comprehensive Program. A program has
drainage-water storage in ground water and disposal inbeen started to develop environmentally compatible solu-
evaporation ponds. Discharge to the San Joaquin River istions to water supply and flood control problems of the
included for selenium-free areas or where drainage con-San Joaquin River. Actions that will enhance fisheries,
taining selenium can be safely assimilated by the river,wildlife habitat, and recreation without adversely affect-
The alternative also involves actions to protect publicing water supply and flood control will be identified. In
health and to protect and restore fish and wildlife, includ-September 1989, several agencies and other interested
ing provision of fresh water supplies conserved from irri-parties met to discuss program objectives and the forma-
gation improvements for use on existing wetlands andtion of work groups.
wildlife areas.

Suisun Marsh Planning And Implementation
DWR is collecting data and preparing studies on reuse
and disposal of agricultural drainage water in the SWP
service area. Analyses emphasize trace elements, such asSuisun Marsh in southern Solano County comprises about

selenium and arsenic, because of their potential adverse116,000 acres. It supports as many as 200 species of wild-

effects on water supplies and the environment. Other wa- life. The brackish water in Suisun Marsh fosters plants

ter quality parameters, such as nutrients, do not appear toand provides habitat for wildfowl.

be a problem and are analyzed less frequently.
The marsh’s salinity affects the wildlife food chain, and

To determine selenium concentrations in the SWP serviceDelta outflow affects the marsh salinity. Decision 1485

area, DWR has increased its selenium data collection andrequired DWR and Reclamation to develop a plan to
is working with USGS to investigate shallow ground watermeet specified water quality standards within the marsh.

in the Tulare Lake Basin. Together with information on Initial facilities were completed in 1983, and a coordinated

applied irrigation rates, cropping patterns, soil types, andprotection plan for Suisun Marsh water quality was devel-
precipitation, these data are being evaluated to identifyoped. The protection plan, published with an EIR in 1984,
possible trends in selenium leaching, includes:

San Joaquin River Basin Planned Development ¯ a program to construct (as required) a major tidal
pumping station, three conveyance channels, and one

Development in the form of water transfers, newprojects, additional distribution system; and

enlarged projects, re-operated projects, and new studies
continue in the San Joaquin River Basin. ¯ a system to monitor compliance with water quality

standards and measure the performance of the facili-
Mokelumne River Basin Study. See New Melones Conjunc- ties constructed. The monitoring plan has been im-
tire Use Program. plemented.

Friant Dam and Lake Millerton. Friant Dam was con- In March 198% DWR, Reclamation, DFG, and the Suisun
structed by Reclamation in 1948. The enabling legislationResource Conservation District signed the Suisun Marsh
said nothing about protecting fish and wildlife resources.Preservation Agreement. The agreement includes defini-
In many years, only enough water is released into the Santions of marsh water quality standards and construction
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staging, as well as details for implementing the Plan ofwill be used to determine the need and potential effec-
Protection. tiveness of additional marsh facilities. If DWR finds that

additional facilities are needed to maintain marsh salinity,
DWR has been evaluating the effectiveness of the Suisunthe next stage is to be in place by October 1, 1993.
Marsh salinity control gates facility in maintaining lower
salinity levels in the marsh’s interior channels since theGeneral Obligation Grant and Loan Programs
gates began operating in October 1988. There was an im-
mediate and dramatic reduction in salinity levels in the
eastern and middle reaches of Montezuma Slough, andSince 1976, DWR has been involved with two loan and

although less dramatic, lower salinities were observed ingrant programs to assist counties in upgrading their water

the western reach just above Grizzly Bay. This western
systems: the Safe Drinking Water Bond Law and the
Water Conservation Bond Law.reach did appear to be vulnerable to encroaching salts

over extended periods of low outflows and strong tidal
currents. Further evaluation will be necessary beforeThe Safe Drinking Water Bond Law has provided loans

DWR can determine the full impact of the operation on and grants to bring domestic water systems up to drinking

the entire western portion of Suisun Marsh. water standards. Substituting pipelines for open ditches is
one method of improving water quality, and has the addi-

DWR is conducting this evaluation in cooperation withtional effect of reducing conveyance losses. After Propo-
the other parties of the Suisun Marsh Preservationsition 55 (Safe Drinking Water Bond Law of 1986) passed,
Agreement (DFG, Reclamation, and the Suisun Re-1,976 applications for funds were received; 237applicants
sources Conservation District). SWRCB has agreed that were invited to submit final applications. The bond funds
DWR and Reclamation can operate under the agree-are over-subscribed, however, and new applications are
ment’s Interior Marsh Deficiency Standard through thenot now being accepted.
test operation of the control gates and development of cri-
teria for the most effective operation. Proposition 81 (November 1988 ballot) provided an addi-

tional $75 million to continue the Safe Drinking Water
According to the agreement, DWR is to operate the gates loan and grant program. The Department of Health Serv-
for three years and monitor their impact on marsh salini-ices, after public notice and hearing and with the advice of
ties. The data, along with information gained from run-DWR, will establish a priority list of projects to be consid-

ered financing under this law. At that time, new appli-ning an upgradedSuisunMarshstageand model, for
cations will be invited.

Table 6-2 summarizes current obligation bondgeneral
programs of DWR and Department of Health Services.

The Water Conservation Bond Law (1984) provides funds
to DWR to be loaned to irrigation districts, water agen-
cies, and municipalities at low interest rates for use in
cost-effective, capital outlay water conservation pro-
grams. The maximum loan has been $5 million for a single
project, such as lining a distribution canal and replacing
distribution mains. The Safe Drinking Water Bond Law
of 1986 added ground water recharge projects and feasi-
bility studies as qualifiers for loans. Funds provided under
the 1984 law are committed, and DWR has adopted a pri-
ority list of applicants for funds provided under the 1986
law.

The water conservation project completed under thefirst
1984 law was the Sand Trap Siphon Project, dedicated in

Fiew of Sulsun March June 1988. The Georgetown Divide Public Utility District
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Table 6-2
Overview of DWR and Department of Health Services

General Obligation Bond Programs

Principal IProgram Name $ AmountI Description Terms

Safe Drinking Water Bond 145,000,000L Loans up to $1,500,000 to bring Loans up to 50 years at
Law of 1976 (Proposition 3) 30.000.000G domestic water systems up to State’s general obliga-
June 8, 1976. AB 121/Ch.1008/175,000,000T drinking water standards. Grants tion bond interest rate.
1975 (Proposition 9) up to $400,000 to public agencies
November 4, 1980. unable to repay a loan.
AB 2404/Ch.252/1980

Safe Drinking Water Bond 50,000,000L Loans up to $5,000,000; Same as Proposition 3,
Law of 1984 (Proposition 28) 25,000.000G Grants up to $400,000; except interest rate
November 6, 1984. 75,000,000T Same purposes as reduced as per
AB 2183/Ch.378/1984. Proposition 3. Proposition 55.

Safe Drinking Water Bond 75,000,000L Same as Proposition 28. Same as Proposition 3,
Law of 1986 (Proposition 55) 25.000.000G Investigation loans and grants up except interest rate at
November 4, 1986. 100,000,000T to $25,000 each also available half State’s rate.
AB 2668/Ch.410/1986 Reduced rate

retroactively applied to
Proposition 28.

Safe Drinking Water Bond 50,000,000L Same as Proposition 55. Same as Proposition 55.
Law of 1988 (Proposition 81) 25.000.000G
November 8, 1988 75,000,000T

Water Conservation Account 10,0t30,000 Loans up to $5,000,000 for cost- Up to 25 years, at half
Clean Water Bond Law of 1984 + 500,000 effective capital outlay water State’s general
(Proposition 25) November 6, for conservation projects to public obligation bond interest
1984. 1732/Ch.377/1984. administration agencies rate.

Water Conservation and Water75,000,000 Loans up to $5,000,000 for Up to 20 years at half
Quality Bond Law of 1986 (A) cost-effective capital outlay State’s general
(Proposition 44) water conservation projects, and obligation bond interest
June 3, 1986. (B) ground water recharge projects,rate.
AB 1982/Ch.6/1986. Feasibility study loans up to

$100,000 each also available.

Water Conservation Bond 60,000,000 $40,000,000, same as Proposition Same as Proposition 44.
Law of 1988 (Proposition 82) 44. $20,000,000 is for loans to
November 8, 1988 develop new basic water supplies.
1 L = Loan; G = grant; T = total.
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received $469,000 for this project. An inverted siphon wascept for the Central Valley Project, developed but uncom-
constructed to replace a section of unlined ditch, Thismitted supplies are relatively small. Some of the 1.4 mil-
project is expected to save 1,045 AF of water each year. lion acre-foot deficit can be met from uncontracted CVP

project supplies. The remainder can be satisfied from a va-
A new Water Conservation Bond Law of 1988 (Proposi- riety of other sources.
tion 82) received voter approval in November 1988. The
program provides for a bond issue of $60 million for localFor the SWP, the present dependable supply is about 2.3

water project assistance, water conservation programs,million acre-feet. Projected 2010 water requirements for

and ground water recharge facilities. Of the $60 millionthe SWP service area about 3.6 million acre-feet, assure-

total, $40 million will be a continuation of or similar toing: 1) 250,000 acre-feet of water conserved in the Colo-
Proposition 44 of 1986, and $20 million will be made avail-rado River Basin becomes available, 2) an increase in
able for loans to local agencies for purposes that includewaste water reuse of 200,000 acre-feet in the SWP service
development of new basic water supplies, areas, and 3) water conservation measures continuing

through 2010. Under those assumptions, existing SWP

Cumulative Impacts on Bay-Delta Estuary facilities would have a deficit of dependable supplies in
2010 of about 1.3 million acre-feet. Major facilities to off-

Analysis of projected water demand and supply balance inset this deficit are:

the service areas can be a measure of future cumulativē South Delta facilities,
impacts of SDWMP when combined with other projects.
Table 6-3 shows applied and net water use in different re-

¯ North Delta facilities,

gions of the State for 1985 and 2010, as reported in DWR̄ Los Banos Grandes Reservoir,
Bulletin 160-87, California Water: Looking to the Future, ¯ Kern Water Bank, and
November 1987. ¯ Purchase of interim CVP supplies.

Net water use is lower than applied water because it takesFigure 6-2 shows the percentage of years in which de-
reuse pendable supplies will be available with existing andinto considerationthe substantial that commonly

occurs. It is projected that agricultural net water use will planned facilities. With the additional facilities, depend-
not increase over the next 20 years. However, net urbanable water supplies will increase to about 3.2 million acre-
water use, which generally reflects population growth, isfeet Projected 2010 of 3.6 millionperyear. requirements
expected to increase. The increase in projected net wateracre-feet could be met 90 percent of the time, with per-
use is substantial in all regions, totalling about 1.4 millionmissible deficiencies 10 percent of the time.
acre-feet Statewide from 1985 to 2010.

A need for dependable supplies amounting to as much as
Table 6-4 shows statewide water demands for 1985 and0.4 million acre-feet in a given year would remain after
projected 2010 levels as reported in Bulletin 160-87. Ex-the major facilities and actions listed above are implem-

Table 6-3
Regional Use of California’s Developed Water Supplies, 1985 and 2010

in 1,000s of acre-feet

Applied Water Net Water Use
Regions 1985 2010 Change 1985 I 2010 I Change

San Francisco Bay and Central Coast 2,780 2,980 200 2,450 2,640 190
South Coast 4,040 4,700 660 3,760 4,360 600
Sacramento River 8,700 10,110 1,410 7,480 7,830 350
San Joaquin River and Tulare Lake 18,690 19,270 580 14,550 15,010 460
Colorado River 3,930 3,710 -220 4,030 3,690 -340
Remaining Regions 2,320 2,460 140 1,950 2,090 140

State Totals 40,460 43,230 2,770 34,220 35,620 1,400
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Table 6-4
Projected Water Demands Over the Next 20 Years (in millions of acre-feet)

1985 Projected Change
Source of Supply Net Use 2010 Net Use from 1985

Local surface water 9.2 9.2 --
Ground water safe yield 6.0 6.1 0.1
Federal Central Valley Project 7.0 7.8 0.8
Other federal sources 1.3 1.3 --
State Water Project 2.4 3.2 0.8
Colorado River 5.0 4.2 -0.8
Local agency imports (excluding the Colorado River) 1.0 1.1 0.1
Reclaimed waste water 0.3 0.5 0.2
Ground water overdraft 2.0 1.8 -0.2
Other sources -- 0.4 0.4

Totals 34.2 35.6 1.4

ented. This would not be a chronic shortage, but a short-ties interrelate is difficult to project. However, certain
age that could occur in dry years. A temporary shortageassumptions can be made to combine actions with mitiga-
of this magnitude may well be manageable with extraordi-tion and thus produce favorable effects on the cumulative
nary conservation efforts (measures taken only duringimpacts of SDWMP. Other assumptions could combine
timesof drought) and such actions as water marketing,actions without mitigation, thereby producing adverse im-
water banking, or extra withdrawals from ground water pacts.
storage. Major facilities listed on the previous page will
increase SWP yield by about 900,000 acre-feet per year.In addition to SWP and CVP water planning actions,
However, export rates from the Delta may vary, depend- many factors have affected, continue to affect, and in the
ing on the type of water year. Figure 6-3 shows the fre- future will affect the estuary cumulatively. Among these
quency of such exports with the existing and planned faci-are:
lities.

land reclamation and bay fill;

The analysis of environmental impacts of SDWMP, LBG, ¯ sediment load from early gold mining activity;
and KWB with a 3.3 MAF level of demand is discussed in ¯ toxic chemical, pesticide, and waste water po.llutiondetail in Chapter 5 and shows that fishery benefits can be

from cities, farms, and boats;achieved from those projects, which provide for opera-
tional flexibility and shifting exports to winter periods¯ concentrated salt loadings from irrigation and soil
(winter banking). The general cumulative expected ira- leaching agricultural activities;
pacts of the SDWMP and other facilities on Delta out- ¯ commercial, sport, and illegal fishing;
flow, export, Delta water quality, and potential fish and
wildlife impacts are listed in Table 6-5. ¯ construction and maintenance of ship channels;

¯ use of natural inflows by upstream and Delta agricul-
As SWP demands increase with time, beyond the 3.3 rural and urban development;
MAF level, and without mitigation, the cumulative im-

¯ Delta diversions by the CVP, SWR local Delta mu-pacts of the SDWMP--along with LBG, KWB, and other
projects--could gradually reduce the fishery benefit that nicipal and industrial water users, and Delta agricul-

will be gained through implementing the SDWMR tural water users;

¯ levee failures in the Delta;
Not all the water resources activities listed in Table 6-5
will be implemented in the near future, and some will ex-̄ wavewash erosion caused by boat traffic; and

tend into the future--beyond the scope of current state-̄ direct diversions and thermal pollution of power
wide water resources planning. Just how all these activi- plant operatians;
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Table 6-5
Potential Future Cumulative Effects of South Delta Water Management Facilities

and Potent al Related Project,, or Actions on Delta
Delta Delta Delta Delta Water

Project or Inflow Export Outflow Quality Potential Fish
Action Changes Changes Changes Changes and Wildlife Comments
South Delta No change Winter Winter Improvement in Downstream San Ongoing fishery
Water increases decreases drinking water Joaquin River negotiations
Management summer quality and salmon migration concurrently
Program decreases agricultural improved. Water with south

water quality quality, dissolved Delta water
oxygen, and tern- agency
perature conditionsnegotiations
for resident fish
improved in south
Delta channels;
reduced entrain-
ment losses. Nega-
tive minor impacts
on Sacramento
River Salmon.

North Delta Summer and Drier year Drier year Drinking water Net fish migra- Ongoing fisher)
Water fall reductions increases decreases; protections from tion improved negotiations
Management water right reduced chlorides, with reduction concurrently
Program protective out- bromides, and of reverse evaluating

flOWS will be THMFP flows. Potential this program
maintained reduction of with SDWMP

screening losses.
Some increase in
young salmon in
central Delta

West Delta No change No change No change Protection Improvement in up Improve Delta
water against salinity to 10,000 acres of water supply
management intrusion resulting diverse wildlife reliability
plan from flooding habitat including

wetlands

Coordinated Potential for Potential for Potential for Reduced protec- Increased COA requires
Operation increases increases decreases tion without screening losses Delta protection.
Agreement and Delta improve- Mitigation
Section 10 ments alternatives

possible

H. O. Banks No change Slight increase Slight decreaseSlightly improved Slight increase Estimated yield
Delta Pumping due to shifting to in screening increase of 60,00(
Plant additional winter months losses AE No further
units increases withow

Corps permit.

Significant cor- Article VII nego-H.O.Banks
Delta Pumping rective potential tiations continue
Plant Fish
Agreement
and Article VII

!
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Table 6-5 (Continued)
Potential Future Cumulative Effects of South Delta Water Management Facilities

i and Potential Related Projects or Actions on Delta
Delta Delta Delta Delta Water

Project or Inflow Export Outflow Quality Potential Fish
Action Changes Changes Changes Changes and Wildlife Comments

I SB 34 Delta No change No change No change Protection against Act requires the Improvement in
Flood Protec- salinity intrusion planning for and Delta levees and
tion Act from flooding enhancement of resulting better

i fish and wildlife reliability of the
Delta

Delta No significant Potential for Winter Minor Provides Project planning
wetlands change some increase months winter operation being conducted
project decreased month changes flexibility by private

corporation

I Offstream No change Wetter year Wetter year Minor changes Provides Los Banos
storage south increases; reductions in winter operational and Kern
of the Delta minimum months flexibility to included in

change in reduce incre- Chapter 5I drier years mental screening impact
losses analysis

North of Delta Winter and Drier year Winter and Improved Increase in Current
additional spring increases spring reduc- drier year flows and instreamplanning on
storage develop- reductions; ti0ns and protections benefits/screening Auburn Dam
ment summer and potential losses increased and Red Bank

I fall increases summer and Project
fall increases

Central No change No change No change No change No change Slight increase ir
Coastal project deficien-
studies ties

Potential Drier year Drier year Drier year Improved Increased Active planning
Conjunctive increases increases increases quality in south screening losses for New Melone~
use programs Delta in drier improve fishery Reservoir;
upstream of years flows in Stani- can provide
Delta slaus and San significant

Joaquin rivers south Delta
in drier years benefits

Potential water No change Potential Potential Increased Minimizes Additional 200
conservation reduction increase protection screening losses TAF assumed in
alternatives place by 2010

Water Drier year Drier year Drier year Improvement Screening
Transfers increases increase increases losses
north of Delta increased

Water transfers No change Potential Potential Improvement Improvement Reduced impact
south of Delta decrease increase on Delta
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Table 6-5 (Continued)
Potential Future Cumulative Effects of South Delta Water Management Facilities

and Potential Related Projects or Actions on Delta
Delta Delta Delta Delta Water

Project or Inflow Export Outflow Quality Potential Fish
Action Changes Changes Changes Changes and Wildlife Comments

Desalination No change Potential Potential Increase Minimizes South of the
reduction increase protection screening losses Delta only.

Upstream Winter and Drier year Drier year Improved drier Increase in river Studies are
watershed spring increases increases year protection flows and instreamcontinuing
vegetation increases benefits/screening
management losses increased

Upstream Winter and Drier year Drier year Improved Increase in river Pilot program
weather spring increases increases drier year flows and instreamconducted in
modification increases protection benefits/screening 1988

losses increased

Reclamation Potential for Potential for Potential for Reduced protec- Increased The environ-
water increases increases decreases tion without screening losses mental effects ar~
contracting Delta improve- similar to those
programs ments discussed in the

COA.

Reduced Potential for Potential for Potential for Reduces Increased Potential
Colorado increase increase decrease protection screening losses reduction could
River supplies without Delta be 775 TAF

improvements

Reduced east- Potential for Potential for Potential for Reduces protec- Increased Potential
ern Sierra increase increase decrease tion without Delta screening losses reduction
supplies improvements 60,000 TAE

Local Reduction No change Reduction D-1485 Some reduction Protected by
upstream in instream area of origin
increased use benefits and water rights

Upper No change No change No change Potential Improved: Federal legisla-
Sacramento improvement temperature, tion pending
River fisheries fish rearing, State legislation
and riparian screening, enacted
habitat manage- fish ladders,
ment program spawning gravels

Mitigation No change No change No change No change Significant As now defined,
Banking improvement applies to

inmost cases wetlands only

San Joaquin No change No change No change Improved Will revive and Drainage
Valley drainage water protect wetlands management
agricultural quality strategies being
drainage program studied
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¯ increased urbanization around San Bay- completing equalFrancisco of the SWPwill the avoidedeconomic
Delta area, resulting in loss of valuable wildlife habi- and social costs of the alternatives.
tat. Each year DWR develops short- and long-range opera-

¯ agricultural practices and crop patterns that decreasetion studies; the most recent is presented in Bulletin
the value of the Delta to wildlife; 132-89, Management of the California State Water Project,

November 1989. These studies are the basis for projec-
¯ levee maintenance programs in which riprap replacestions of the requirements for future SWPenergy opera-

riparian habitat; and tions.
¯ upstream storage and regulation of natural inflowsbyIn 1987, the SWP delivered about 2.3 MAF. At this level

the cumulative impact of the SDWMP on SWP deliveriestheHetch HetchyAqueduct,MokelumneAqueduct
project, CVP, SWP, and others, will be an increase of about 4 percent of the total deliver-

ies.

Cumulative Impacts of CVP Deliveries
Cumulative Impactsof SWPDeliveries

The State of California has signed contracts with 30 waterArticle 10 (h) of the Coordinated Operation Agreement
agencies throughout the State that require the SWP tocommits the parties to negotiate a separate contract, speci-
deliver a maximum of 4.23 MAF after 2020. Table 6--6 lying that excess capacity in the pumping and conveyance
shows projected water deliveries for the SWP at the 2035facilities of the SWP would be used to increase the
level, amount of water the CVP can deliver from the Delta.

This is a separate action, requiring a separate contract or

Table 6-6 agreement and a separate environmental impact report.

Projected SWP Water Entitlement Requests, With its present Delta export facilities, the CVP lacks the

Year 2035 pumping and conveyance capacity to deliver to its existing
and potential contractors south of the Delta all the poten-

Area 1,000 AF tially exportable CVP water available in the Delta at cer-
tain times.

Feather River 40
North Bay 67 The SWP has capacity in the California Aqueduct for

South Bay 188 wheeling CVP supplies at the current level of SWP sys-

San Joaquin Valley 1,355 tern development. If proposed storage projects south of

Southern California 2,497 the Delta are implemented, wheeling capacity during the

Central Coastal* 70 winter will be severely restricted. With wheeling through

Total 4,217 SWP facilities, the effect of the CVP’s capacity limitation

*The Central Coastal service area’s entitlement has would be lessened.

been reduced from 82,700 AF to 70,000 AE Wheeling of the type covered under Article 10 (h) could
However, it may be restored to full entitlement represent increased exports from the Delta. Such wheel-
in the future, ing is distinguishable from other wheeling covered under

Article 10 by the fact that the other wheeling, for outages
and to make up for the May-June pumping restrictions, is

At present, annual SWP yield is about 2.4 MAF; because already established and serves only to maintain--not ex-
of depletions, this could be reduced to about 1.7 MAF bypand--the water supply services of the SWP and CVP.
about 2010. Thus, if the SWP is to meet its service area
needs, the State must complete additional facilities. To the extent that some wheeling arrangements negoti-

ated pursuant to Article 10 (h) could increase project ex-
As with the operational impacts of the Delta water man- ports from the Delta, the increase could cause environ-

the SWP cumulative will be mental incremental to those associated with theagementprograms, impacts impacts
based on projected water demand and supply balances inexisting level of project operations. However, any future
the service areas. If the balances identify potential deft-wheeling arrangement would have to be carded out
cits, it will then be necessary to determine how these deft-within the protective flow and quality provisions of the
cits will be alleviated without additional SWP facilities SWRCB’s Delta standards and would require a separate
and at what cost. Thus, the cumulative economic impactEIR/EIS and contract.
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Any incremental impacts of wheeling arrangements nego-̄ displacement of people and wildlife;
tiated pursuant to Article 10 (h) cannot be quantified or
specifically described until the. details of these arrange-̄ inundation of lands, archeological sites, and live

ments are known. Early indications from operational streams;

studies suggest that the SWP has little remaining pump-
ing capacity and conveyance capacity available for wheel-

¯ Blockage of anadromous fish runs; and

ing with existing facilities and restrictions. The potential̄ changed flow regimes, sediment regimes, water qual-
for wheeling would increase ff SWP conveyance facilities ity, and seepage conditions along affected streams.
were expanded.

Cumulative effects of offstream storage south of the
Further analysis of the environmental impacts of wheel-Delta would include:
ing may be found in the following future and current
documents: ¯ new recreation opportunities and reservoir fisheries;

¯ the water conveyance and purchase contract EIR/EIS ¯ creation of jobs;
now being prepared and tentatively scheduled for re-
lease in late 1990. ¯ displacement of people and wildlife;

¯ the environmental statements being prepared bȳ inundation of lands and archeological sites;
Reclamation concerning proposed water service con-
tracts; ¯ improvement in quality of water delivered to service

¯ any environmental document prepared in connection areas;
with new Delta standards that succeed those of Deci-
sion 1485; and

¯ a net increase in power requ’irements; and

¯ this environmental impact study f or the SDWMP, the ¯ ground water programs south of the Delta, which
results of which indicate that the impact of wheeling would involve construction of wells and distribution
would increase only slightly with implementation of systems, as well as local water quality and hydrologic
the SDWMP because of other restrictions and limita- impacts and increased power requireme ~nts.
tionso

Growth Inducement.
Other Cumulative Impacts

CEQA requires a discussion of the ways in which a pro-
Other cumulative effects associated with potential waterposed project could "... foster economic or population
developmentabove the Delta probably would be similar growth, or the construction of additional housing, either
to, and would increase the impacts of, past surface waterdirectly or indirectly, in the surrounding environment. In-
development. Past projects on the Sacramento, San Joa-eluded in this are projects which would remove obstacles
quin, and Trinity river systems have had a variety of bene-to population growth."
ficial and adverse effects, including:

The location, timing, and magnitude of economic and
¯ development of water supplies for local and statewide population growth within a region are determined by a

needs; multitude of interrelated economic, social, and political
factors, including:

¯ development of hydroelectric power;
¯ employment opportunities;

¯ increased power requirements;
¯ availability and cost of natural resources, including

¯ improved navigation on the Sacramento River; land, water, and energy;

¯ creation of reservoir recreation areas and fisheries; ¯ the availabdity and cost of housing;

increased flood control; ¯ the adequacy of community infrastructure (transpor-
tation facilities, fire and police protection, schools,

¯ creation of jobs; recreational facilities, etc.); and
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¯ local government policy concerning growth issuesSince it has been determined that population growth will
(zoning ordinances, general plans, etc.), occur with or without the project and that the project’s

yield can be a replacement for some existing water sup-

Whereas each of these variables influences growth, it isplies, the project is not expected to be growth inducing.

very difficult to ascertain whether a change in one of them(See also Chapter 5.)

is sufficient to cause a significant change in community Mitigation Measures
growth rates. Economic growth is discussed in Chapter 5.
Following is a discussion of population growth, for Cumulative Impacts

Various actions such as Decision 1485, the Suisun Marsh
Because minimal amounts of water are necessary to sus-facilities, and DFG stocking programs have benefited fish
tain life, water must be available ff growth is to occur, and wildlife in the Delta. Studies by State, federal, and
However, rarely will the provision of water alone stimu- local agencies and private groups have provided much in-
lategrowthifalltheotherfactorslistedabovearenotcon-formation, from which laws protecting fish and wildlife
ducive to growth. But, ff all the other variables are condu- have been enacted. Today, at least 30 State and federal
cive to growth, and no water supplies are available, thenpolicies, as well as agency regulations, help protect the
the provision of water may be growth inducing since itDelta’s environment. Physical facilities such as fish
could "remove a barrier to growth." screens at CVP and SWP pumping plants have been rela-

tively effective in salvaging fish from export water. Funds
Several factors must be examined in order to determine iffrom State, federal, and local sources for protection of
the proposed project is growth inducing. First, are therefish and wildlife resources are in the many millions for
alternatives (both demand management and supply aug-ecological studies and physical facilities.
mentation) that could be implemented in the absence of
the proposed project? If the proposed project is the onlyMitigatio_n measures for cumulative impacts due to future

State, federal, and local water development generallysource of water available to a region, it may in fact remove
a barrier to growth, and, therefore, be growth inducing,consist of:

However, if feasible alternatives are available (even if ¯ safeguards by-laws, regulations, and water rights
more expensive than the proposed project), it can then be standards;
assumed that they would be implemented in the absence
of the project. ¯ contracts;

physical measures and;

Hence, with or without the project, growth will occur; the ¯ studies and water management programs.
only effect of the project is to use a less expensive source
of water. Another factor that needs to be considered isSafeguards

State and federal laws that provide safeguards include:
localgovernmentpolicyregardinggrowth. Mostcommu-
nities in the State have implemented land use policies
through their general plans and zoning ordinances that at-̄ Area of Origin Law,
tempt to manage growth in conjunction with their avail-¯ County of Origin Law,able resources. These plans address population growth,
land use, circulation, public services, and environmental̄ Davis-Dolwig Act,
resources. Typically, the strength of these plans in manag-̄ Delta Protection Act,
ing growth varies.from community to community.

¯ Burns-Porter Act,

Finally, the determination of whether a particular water̄ California Environmental Quality Act,

supply is growth inducing depends upon how it is used.̄ National Environmental Policy Act,
For example, ff the project’s yield is used in addition tō National Fish and Wildlife Coordination Act,
current surface and ground water supplies, then the re-
sulting growth-inducing impacts could be considerablȳ National Clean Water Act, and
larger than ff the yield were used to replace existing sup-̄ Provisions in Congressional Authorization of Federal
plies (such as overdrafted ground water basins). Water Projects.
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State and federal regulatory agencies administering thē Utilities--Relocation of utilities.
laws include the SWRCB, Regional Water Quality Con-
trol Boards, EPA, and the Corps. Studies and Water Management Programs

State legislation passed in 1986 created "The Upper Sac-Contracts
ramento River Fisheries and Riparian-Habitat Advisory

Binding contracts are negotiated between project opera-Council." In 1989, the Advisory Council prepared the

tors and various interests. DWR has executed contracts"Upper Sacramento Fisheries and Riparian Management

with several Delta water agencies that commit DWR to Plan," which proposes 20 action items for restoration of

provide reliable water supplies and qualities under thefisheries and riparian habitat in the upper Sacramento
Delta Protection Act. These contracts provide a further River and its tributaries.
safeguard for Delta protection. DWR is continuing nego- Federal legislation appears to be progressing through
tiations with other Delta interests. Congress to provide funding to restore fish populations in

Contracts for management of fish and wildlife resources the upper Sacramento River. Fish screens and ladders,

in San Francisco Bay-Delta estuary can be broadened asgravel restoration, hatchery expansion, and toxic reduc-

to scope and the participating agencies. Such contractstion are proposed action items listed in the Advisory

would specify mitigation measures identified by studiesCouncil plan and would be eligible programs.

and negotiations. Many of the specific needs for mitigation are uncertain.

The agreement for coordinated operation of the SWP andPotential impacts requiring mitigation can be identified

the CVP allocates available supplies and shortages be-during studies. Objectives of the Interagency Ecological

tween both projects after meeting in-basin obligations, in-Study Program for the Sacramento-San Joaquin Estuary,
Delta water quality objectives,                    funded in part by the SWP, are to:eluding

¯ improve understanding of the requirements of fish
Physical Measures and wildlife in the estuary;

Potential physical mitigation measures for identified sig-̄ develop design and operating criteria for the SWP
nificant impacts are listed below. Specific measures could and CVP for protection and enhancement of fish and
be incorporated in contracts, wildlife; and

¯ Fish--hatchery construction, adjustment of reservoir̄ monitor and evaluate project operations.
releases, habitat modification, establishment of res-
ervoir fishery, fish screens and return systems, exportThese studies provide a sound basis for mitigation meas-
curtailments, and fish stocking programs, ures. For example, the predation control studies in Clif-

¯ Wildlfe--Purchase of replacement lands, captureton Court Forebay may reduce losses of Chinook salmon.

and removalof species,controlfencing,escape de- The court decision requiring monitoring of Delta chan-
vices; mitigation in Suisun Marsh as specified in thenels with the additional pumps also provides mitigation.
Environmental Impact Report and Plan of Protec- Mitigation for Delta agricultural needs are identified
tion. through studies of leaching practices and the salt toler-

¯ Socioeconomic--payment of increased public serv-ance of corn. Continuation of programs to improve water
ices caused by project workforce, management would provide mitigation by reducing the

buildup rate of future upstream diversions and Delta ex-Cultural--avoidanceor removalof identifiedcul-

tural resources where possible, purchase of private ports.

property where necessary. A primary objective of the SDWMP is to reduce fishery
¯ Recreation--construction of recreational facilities, impacts by reducing reverse flows in the lower San Joa-

¯ Soils and Vegetation--re-establishment of nativequirt River and by shifting pumping. The program should

vegetation, erosion control techniques, replacementadd cumulatively to the Upper Sacramento River Fish-

of soil and topography where possible, cries and Riparian Habitat Management Plan, and could
be considered one link in the restoration of salmon and

¯ Transportation--Relocation of roads and railroads, steelhead.
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CHAPTER 7. CONSULTATION AND COORDINATION

Environmental Documentation And Public Scoping Meetings
Involvement

DWR and Reclamation held two public scoping meetings

The California Department of Water Resources (DWR) in April 1987, during which the public and interested

and U.S. Bureau of Reclamation (Reclamation)preparedagencies identified significant issues related to the

this Environmental Impact Report/Environmental Im-SDWMR Table A-1 in Appendix A lists the scoping issues

pact Statement (EIR/EIS) for the South Delta Water ranked by the meeting attendees in order of importance.

Management Program (SOWMP) in compliance with the
California Environmental Quality Act and the National Additional public workshops for landowners in the south

Environmental Policy Act (NEPA). This EIR/EIS con- Delta planning area were held in August and September

forms with both State and federal legal requirements, of 1988. A public meeting on recreational planning in
conjunction with the SDWMP was held in "[i’acy in (.)cto-

The process of environmental review began in Marchber 1988.

1987. A Notice of Intent to prepare an EIR/EIS was pub-
lished in the Federal Register Vol. 52, No. 54. In JuneWritten Comments

1987. Notices of Preparation were sent to the California
State Clearinghouse and many other interested parties.Agencies and organizations also submitted written com-

ments identifying significant issues. These arc summa-
DWR and Reclamation implemented a public involve- Appendixrizedin"lhbleA-2 of A.
ment process for the SDWMP. Public involvement activi-
ties include project scoping and public information meet-Scoping Report
ings, and opportunities to comment on both the draft and
final EIR/EIS’s. In December 1987 DWR and Reclamation published a

scoping report for the SDWMP. The report describes the
of planning and environmental documentation andPurpose Scoping process

contains a synthesis of comments received at the scoping
The Council on Environmental Quality regulations (40meetings and the written comments, copies of written

CFR of comments, and an analysis of issues.1500-1508) for implementation NEPA requires
"... an early and open process for determining the scope
of issues to be addressed and for identifying the significantOngoing Coordination
issues related to a proposed action. This process shall be
termed scoping ...." The purposes of the EIR/EIS scop- Throughout the study period and during preparation of
ing process were to identit}, the significant issues for studythe EIR/EIS, DWR and Reclamation coordinated and
in the EIR!EIS and to determine the scope of the re- consulted with the federal, State, and local agencies.
search of each issues. These agencies included:

Scoping is designed to explore issues for environmentalFederal Agencies
assessment, to ensure that important considerations are
not overlooked, and to discover concerns that mightU.S. Army Corps of Engineers
otherwise go unrecognized. Through scoping DWR andU.S. Environmental Protection Agency
Reclamation endeavored to make the EIR/EIS moreU.S. Fish and Wildlife Service
meaningful and useful to decision-makers and to thoseU.S. Geological Survey
affected by the proposals or alternatives. National Marine Fisheries Service
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State Agencies Construction of the enlarged Clifton Court Forebay,
channel dredging, and installation of barrier-type facili-

Department of Fish and Game ties would require placing fill material into United States

Department of Parks and Recreation waters. This will require a Corps Section 404 permit.

Department of Boating and Waterways DWR will also be requesting project certification from the

State Lands Commission State Water Resources Control Board to fulfill Section

State Water Resources Control Board 401. See discussion in Chapter 1 under "Regulatory Per-
mils"

Local Agencies
Rivers and Harbors Act of 1899 (USC 401-413)

South Delta Water Agency
San Joaquin County Parks and Recreation Section 10 of the Rivers and Harbors Act prohibits the un-

East Bay Regional Park District authorized obstruction or alteration of any navigable wa-

East Bay Municipal Utility D, istrict ters of the United States. Increasing the pumping rate at

Planning and Conservation League Banks Pumping Plant would require a Corps Section 10
Metropolitan Water District of Southern California permit. DWR will apply for this permit.

State Water Contractors
California Striped Bass Association Fish and Wildlife Coordination Act
United Anglers (16 USC 661 et. seq.)
Golden Gate Fishermen Association
California Farm Bureau The Fish and Wildlife Coordination Act (FWCA) re-

quiresfederal agencies to consult with the U. S. Fish and
Opportunities to Comment on the Draft Wildlife Service (USF&WS) and the California Depart-
and Final EIR/EIS’s ment of Fish and Game (DFG) before undertaking proj-

ects that control or modify surface water. This consulta-

Agencies, interest groups, and the public will have oppor-tion is intended both to promote the conservation of

tunitics to submit written comments on the draft and finalwildlife resources by preventing loss of or damage to wild-

EIR/EIS’s and to make oral presentations at hearings tolife resources and to provide for the development and im-

be held on the draft EIR/EIS. provement of wildlife resources in connection with water
projects. Federal agencies undertaking water projects are

Environmental Review required to include in project reports recommendations
made by the USF&WS and DFG, to give full consider-

and Consultation Requirements ation to these recommendations, and to include in project
plans justifiable means and measures for wildlife pur-

This draft EIR/EIS has been prepared concurrently with poses.
environmental review and consultation required by feder-
al environmental law other than NEPA, as required by 40The USF&WS and DFG have been extensively involved
CFR 1502.25. Compliance with specific environmental re-in this project from the start. USF&WS prepared plan-
view and consultation requirements is described below, ning aid memoranda on November 13, !987 and August

30, 1988. USF&WS lead the ttabitat Evaluation Proce-
Clean Water Act (33 USC 1251 et seq.) dures (HEP) team consisting of representatives from

USF&WS, DFG, Reclamation, and DWR. USF&WS
The Clean Water Act of 1977 aims to "... restore and prepared a draft report on impacts and compensation
maintain the chemical, physical, and biological integrity ofneeds analysis using HEP in December 1989. Negoti-
the Nation’s waters." Section 404 of the act establishes aations are continuing on the HER and an agreement will
permit program, administered by the U. S. Army Coq~s of be reached hy all agencies before the final EIR/EIS. A
Engineers (Corps), to regulate the discharge of dredgedpreliminary draft FWCA report on impacts from the proj-
or fill materials into the waters of the United States. Sec- ect and recommended compensation measures to mill-
lion 401 of the act requires that the project not violategate for the impacts is currently under review. The
State water quality standards. FWCA report will be included in the final EIR/EIS.
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Endangered Species Act (16 USC 1531 et. seq.) whether a more extensive Class III survey is necessary. A
cultural resources report will be prepared and sent to the

Section 7 of the Endangered Species Act (ESA) of 1973SHPO. If it is determined that adverse effects will occur,

requires federal agencies, in consultation with the Secre-the procedure described in the previous paragraph will be
tary of the Interior, to ensure that their actions do not followed.
jeopardize the continued existence of endangered or
threatened species, or result in the destruction or adverseFarmland Protection Act (16 USC 590 a-f~q)

modification of the critical habitat of these species. Council on Environmental Quality memoranda to Heads
of Agencies, dated August 30,1976, and August 11, 1980

USF&WS prepared a list of threatened, endangered, andand the Farmland Protection Act of 1981 require agencies
candidate species which may occur in the project area. Asin their EIS’s to include farmlands assessments designed
discussed in Chapter 3, DWR and Reclamation had fieldto minimize adverse impacts on prime and unique farm-
surveys conducted for these species in 1987 and 1988. Aslands. The regulations published in the Federal Register
negotiations for definition of the proposed action near(VoL 49, No. 130, July 5, 1984) contain the criteria to be
completion, a biological assessment will be prepared toused to identify these lands and determine impacts. As

negotiations for definition of the proposed action neardeterminewhetheranylistedspeciesor speciesproposed
for listing are likely to be affected by the proposed action,completion, the Soil Conservation Service will be con-
This assessment will be submitted to USF&WS, the Na- tacted to identify whether the proposed action will affect
tional Marine Fisheries Service (NMFS) and DFG with a lands classified as and farmlands. If anyany prime unique
request for formal consultation if the proposed actionlands are identified, alternatives would be considered
would affect listed species. Subsequently, USF&WS,which could lessen impacts to such lands.
NMFS, and DFG would prepare a Biological Opinion to
determine whether the action would jeopardize the con-Executive Order 11988: Floodplain Management
tinued existence of listed species or adversely modify their
critical habitat. If a finding of jeopardy or adverse modifi- Executive Order 11988 requires federal agencies to pre-
cation is made in the Biological Opinion, DWR and Rec-pare floodplain assessments for proposals located within
lamation would have to modify the project to ensure listedor affecting floodplains. If an agency proposes to conduct
species are not affected, an action within a floodplain, it must consider alternatives

to avoid adverse impacts andincompatibledevelopment
National Historic Preservation Act in the floodplain. If the only practicable alternative in-
(16 USC 470 et. seq.) volves siting in a flood plain, the agency must minimize

potential harm to or within the floodplain.

Section 106 of the National Historical Preservation Act The south Delta lies within the floodplain. Therefore,
(NHPA) requires federal agencies to evaluate the effects the SDWMP facilities are located in the floodplain. Mod-
of federal undertakings on historical, archeological, andification to existing levees would enlarge south Delta
cultural resources. Agencies are required, within the vi-channel cross-sections and hence increase channel capac-
cinity of proposed projects, to identify historical or ar-ity. With increased capacity, the channels would be able

to contain greater floodflows and provide greater protec-cheologicalproperties,includingpropertieson the Na-
tional Register of Historic Places, and those that thetion from flooding. New levees would also be designed to
agency and the State Historic Preservation Office meet 100-year flood standards.
(SHPO) agree are eligible for listing in the National Reg-
ister. If the federal project is determined to have an ad-Executive Order 11990: Protection of Wetlands
verse effect on National register properties or those eligi-
ble for listing, the agency is required to consult with theExecutive Order 11990 requires federal agencies to pre-
SHPO and the Advisory Council on Historic Preservation pare wetlands assessments for proposals located within or
to develop alternatives or mitigation measures to allowaffecting wetlands. Agencies must avoid undertaking new
the project to proceed, construction located in wetlands unless no practical alter-

native is available and the proposed action includes all
A Class II cultural resource survey was completed in April practicable measures to minimize harm to wetlands. The
1990. When the results are analyzed, it will be determinedSDWMP will not impact any natural occurring wetlands.
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See discussion in Chapter 5, under "Impacts on Wet-b) Other Federal Agencies:
lands." Advisory Council on Historic Preservation

Department of Agriculture
Clean Air Act (42 USC 7501) Department of the Army

Department of Energy
Section 176 (c) of the Clean Water Act requires that no Department of Transportation
federal agency, "... (1) engage in, (2) support in any way or Environmental Protection Agency
provide financial assistance for, (3) license or permit, or
(4) approve, any activity which does not conform to a plan2. Statements distributed by the Commissioner of the
after it has been approved or promulgated under Section Bureau of Reclamation for information only.
110." A "plan" refers to a State Implementation Plan
(SIP) to meet the National Ambient Air Quality Stan- a) United States Senate, Washington D.C.
dards (NAAQS) that is approved by the Administrator of Honorable Alan Cranston
the Environmental Protection Agency (EPA). Each ap- Honorable Pete Wilson
proved SIP must contain a clear definition of the circum-
stances in which a federally funded or approved projectb) United States House of Representatives, Washington
will or not conform to the SIP. If there is no approved SIP, D.C.
EPA is responsible for determining compliance with the Honorable Tom Campbell
Clean Air Act and whether or not a project will affect fu- Honorable Ronald V. Dallums
ture abilities to meet the NAAQS. In either case, provid- Honorable Don Edwards
ing the information necessary for a determination of con- Honorable Vic Fazio
fortuity is an agency responsibility. SIP’s are required for Honorable Tom Lantos
any area whose present ambient air quality does not meet Honorable George Miller
the NAAQS. Honorable Norman Y. Mineta

Honorable Nancy Pelosi
To show conformity with the NAAQS, a federal agency Honorable Fortney H. (Pete) Stark
proposing an action must show that the proposal will not
cause violations of the NAAQS or in any way hinder fu- 3. Statements distributed by the Regional Director, Mid-
ture attainment of the NAAQS. This can be done by dem- Pacific Region, for review and comment.
onstrating that the proposed action does not induce
growth which would prevent or hinder compliance with a) U.S. Department of the Interior:
the NAAQS, showing that growth projections used in the Bureau of Land Management, Sacramento
air-quality analysis are in accordance with projections in Fish and Wildlife Service, Portland; Sacramento (2)an approved SIP, or mitigate increased pollutants which Geological Survey, Sacramento; Menlo Park
would result form a proposed action. National Park Service, San Francisco (2)

The SDWMP will not have any growth-inducing impacts Regional Environmental Officer, DOI, San Francisco

and, hence, will comply with the Clean Water Act.
Growth-inducing impacts are discussed in Chapter 5. b) Other Federal Agencies:

Army Corps of Engineers, Sacramento; San

Distribution List Francisco
Environmental Protection Agency, San Francisco (3)

1. Statements distributed by the Commissioner of the Federal Emergency Management Agency, San
Bureau of Reclamation for review and comment. Francisco

Forest Service, San Francisco
a) U.S. Department of the Interior: Federal Highway Administration, San Francisco

Bureau of Land Management National Marine Fisheries Service, Terminal Island,
Fish and Wildlife Service Soil Conservation Service, Davis
Geological Survey Western Area Power Administration, Sacramento

!
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State Agencies (State of California) Middle Roberts Island Reclamation District 524
Air Resources Board, Sacramento North Delta Water Agency
Assembly Committee on Agriculture, Sacramento Pacific Gas and Electric Company
Assembly Committee on Water, Parks, and Wildlife, Paradise Junction Reclamation District 2095
Sacramento Pescadero Tract Reclamation District 2058
Assembly Natural Resources Committee, Pico-Naglee Reclamation District 1007
Sacramento South Delta Water Agency
Board of Aeronautics, Sacramento Stark Tract Reclamation District 2089
California Highway Patrol, Napa Union Island Reclamation District 1, 2
California Water Commission, Sacramento Upper Jones Tract Reclamation District 2039
Chamber of Commerce, Sacramento Upper Roberts Island Reclamation District 544
Department of Boating and Waterways, Sacramento Victoria Island Reclamation District 2040
Department of Conservation, Sacramento Woodward Island Reclamation District 2072
Department of Fish and Game, Sacramento (4)
Department of Food and Agriculture, Sacramentoe) Organizations:

Department of Forestry, Sacramento, Spanish Flat Association of California Water Agencies, Bay Insti-
Station (2) tute of San Francisco,Brown and Caldwell, California
Department of General Services, Sacramento Trout, California Striped Bass Association,California
Department of Health Services Wildlife Federation, California Waterfowl Associ-
Department of Parks and Recreation, Sacramento ation, CH2M Hill, Defenders of Wildlife, Environ-
Department of Transportation, Sacramento mental Council, Environmental Defense Fund,
Department of Water Resources, Sacramento Friends of the River, Izaak Walton League of Ameri-
Native American Heritage Commission, Sacramento of Women Voters of California, Naturalca, League
Office of Governor Deukmejian, Sacramento Defense Council, Pacific Interclub Yacht Associ-
Office of Historic Preservation Sacramento ation, Planning and Conservation League, Recre-
Regional Water Quality Control Board, Central ational Boaters of California, San Francisco Bay Con-
Valley Region, Sacramento servation and Development Commission,
State Clearing House, Sacramento (20) Sacramento Audubon Society, Salmon Unlimited,
State Lands Commission, Sacramento Sierra Club, Save San Francisco Bay Association, AS-
State Reclamation Board, Sacramento sociation of State Water Contractors, Stockton
State Water Resources Control Board, Sacramento Audubon Society, The Nature Conservancy, United
Wildlife Conservation Board, Sacramento Anglers of California, Murray Burns & Kienlen,

Woodward-Clyde Consultants, San Joaquin River
Local Agencies: Water Users Association
Alameda County Flood Control
Byron-Bethany Irrigation District f) Individuals:

Byron Tract Reclamation District 800 Harvey O. Banks, Brian Bell, Dante J. Nomellini,
Central Delta Water Agency William E. Warne, John L.Winther, Ken Woodward,
City of Antioch Frederick Bold Jr., Max Bookman, D.W. Kelley, Ann
City of Brentwood Schneider, George Basye, Gerald Orlob, John W.
City of Oakley Pulver, Robert Krieger, Robert Mygrant, Richard
City of Pittsburgh Dornhelm, Gwen Buchholz, Joseph I. Burns, Ri-
City of Stockton chardL. Schafer, Thomas M. Stetson, Dorothy
City of Tracy Green, Victor Viets, B.J. Miller, Tom Mongan, John
Coney Island Reclamation District 2117 Gregg, Bert Parkinson, Sally Freedman.
Contra Costa County
Contra Costa County Water Agency g) Media:

Contra Costa Water District Angler Magazine, Antioch Daily Ledger, Bakersfield
East Bay Municipal Utility District Californian, Brentwood News, Los Angeles Times,
East Contra Costa Irrigation District Record Searchlight, San Francisco Chronicle, Tracy
Fabian Tract Reclamation District 773 Press, San Diego Union, San Bernardino Sun,
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Fresno Bee, Times-Standard, Sacramento Bee, Sac-b) State Assembly
ramento Union. Honorable Chris Chandler

4. Statements distributed by the Regional Director of the Honorable Lloyd Connelly

Mid-Pacific Region, for information only. Honorable Thomas Hannigan
Honorable Bey Hansen

a) State Senate Honorable Dan Hauser
Honorable John Doolittle Honorable Phillip Isenberg
Honorable John Garamendi Honorable Patrick Johnston
Honorable Leroy Greene Honorable Tim Leslie
Honorable Barry Keene Honorable Stan Statham
Honorable James Nielsen Honorable Norm Waters
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APPENDIXES
Note: Some of the appendixes to the South Delta Water Management Program Environmental Impact Report/
Statement are too long to be included in this document. The information in these appendices has been abbre-
viated in the EIR/EIS and summarized here. Readers wishing to consult the full appendixes for more detailed
information should contact the Department of Water Resources, Division of Planning, Sacramento, California
for locations where the appendixes are available for public review.

A. Scoping Process

B. South Delta Negotiation Agreements

C. Modeling Assumptions and Results

D. Declaration for Land Purchase for SDWMPNegative

E. Economic Analysis Summary

F. SDWMP Biological Assessment Summary

G. Direct Fish Impact Analysis Summary

H. U.S. Fish and Wildlife Service’s Coordination Act Report Summary

I. Construction Report Summary

J. Seismic Report Summary

K. Archeological Report Summary

L. Recreation Report Summary

Narrowing AlternativesM. of

N. Documents Incorporated by Reference

O. List of Preparers

!
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APPENDIX A
SCOPING PROCES S
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APPENDIX A
SCOPING PROCESS

Scoping sessions were conducted on April 13 and 21, 1987 to solicit public input in determining the scope of trhc
EIR/EIS and significant issues related to the alternatives identified. A December 1987 report--South Delta Wa-
ter Management Project, A Report on Public Involvement and Identification of Issues, prepared by the Department
of Water Resources and the U.S. Bureau of Reclamation--discussed the planning and environmental documen-
tation process and findings of the sc0ping meetings. The report also contains documents pertinent to the scoping
process, including the federal Notice of Intent, the State Notice of Preparation, and the U.S. Army Corps of
Engineers pre-application meeting notice.

Issues and questions identified at the public scoping sessions were scored on the basis of frequency and relative
ranking of each issue raised. Table A-1 shows the scoping issues by rank. Various federal and State agencies and
private citizens sent letters identifying a number of issues. Written comments are summarized in Table A-2.
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Table A-1
Scoping Issues, By Rank

Rank Issue Score
1 High quality water must be guaranteed to the south Delta. 27
2 Blockage or interference of fish migration, including barriers, must be avoided. 23
3 North Delta and South Delta planning should be concurrent. 22
4 Communications should be maintained with landowners whose property would be affected.15
5 The EIR/EIS should address conjunctive use from the Stanislaus and American rivers. 14
6 Availability of water for wetlands should be discussed. 12
7 Federal participation in Delta fish protection agreement should be addressed. 11
8 Diversion of fish too small to be screened should be considered. 11
9 Sandbars and silt should be removed from the Delta. 10

10 Water should be managed and conserved to reduce Delta exports. 10
11 Effects of a project on reverse flows should be addressed. 10
12 Feasibility studies are needed on storage south of the Delta(no North Delta improvements).8
13 Effectiveness of the proposed facilities should be evaluated. 8
14 Additional reservoirs are needed south of the Delta on the west side of the valley

to capture winter floodflows. 7
15 Effects on rare and endangered species should be considered. 7
16 San Joaquin Valley agricultural discharges should be improved to improve river water quality.6
17 Boat fees should be used to finance dredging to improve navigation. 6
18 Project financing must be addressed. ’" 6
19 Additional pumping during winter for flood control should be discussed. 6
20 The source of silt in the Delta-Mendota Canal should be determined. 5
21 New levees should be set back from existing embankments. 5
22 Channel and levee improvements should be combined with 100-year-flood protection. 5
23 Effects of Decision 1485 rehearing on the project should be discussed. 5
24 Pumps in the San Joaquin River at Old River would increase flow. 4
25 Adequate fish screens are needed at Clifton Court Forebay. 4
26 Additional recreation opportunities should be provided in the Delta. 4
27 Increased fish predation due to enlarging Clifton Court Forebay should be discussed. 3
28 One-for-one mitigation should be provided for fish in the Delta. 3
29 The type of fish screens at SWP and CVP facilities needs to be studied. 3
30 Effects on the integrity of flood control levees should be covered. 2
31 Riparian vegetation must be protected. 2
32 Methods other than New Melones to bring high-quality water to the Delta should be found.1
33 The EIR/EIS should discuss the relationship between project alternatives and

Delta facilitieslegislation. 1
34 Water quality degradation and siltation near the Port of Stockton and San Joaquin River

should be evaluated. 0
35 Tidal gates at Carquinez Strait should be considered. 0
36 Enlarging Clifton Court Forebay would inundate upland game and waterfowl habitat. 0
37 Export supplies could be reintroduced to the San Joaquin River to improve water quality. 0
38 Impacts of siltation on Clifton Court Forebay should be covered. 0
39 Drafting of fish from the central Delta and Sacramento River into the southern Delta

should be discussed. 0
40 Waterfowl rafting due to enlarging Clifton Court Forebay should be discussed. 0
41 Exports to the south from the Delta should be discontinued. 0
42 Responsibility for levee maintenance on improved channels should be determined. 0
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Table A-2
Summary of Written Comments

Contra Costa Water District

1. The following impacts should be addressed: water quality, water levels, fish and wildlife in other
parts of the Delta.

2. Identify whether exports are to be increased; if so, identify the impacts of this increase on the estuary.
South Delta Water Agency

1. Effect on south Delta water levels.
2. Effect on water circulation and depth.
3. Effect of barriers on fish migrations: "Project" vs. "No-project."

East Bay Municipal Utility District (EBMUD)

1. Mokelumne Aqueduct, which crosses the project area, should be protected during any construction
and service should remain uninterrupted.

2. Use of any EBMUD right-of-way should be approved before construction.
U.S. Army Corps of Engineers

1. Depletion of suspended sediments from pumping plant operations.
2. Effects on "Null Zone" from export pumping.
3. Effects of changes in outflow on San Francisco Bay.
4. Effects of salinity changes on wildlife in Suisun Marsh.
5. Contribution of SWP pumping to dissolved oxygen depletion near Stockton.
6. Economic effects on central and west Delta.
Planning and Conservation League

1. Water conservation programs should accompany new increase in project exports.
2. Study only those facilities that would improve fisheries.
3. Alternatives should maximize fish and water quality benefits, including the Peripheral Canal and

a smaller peripheral canal for SWP only.
4. Consider relocating fish screens outside of Clifton Court.
5. Depending on cost, consider use of General Funds if statewide benefits are provided.
6. CVP, Contra Costa Water District, and EBMUD should be tied to any rebuilt export facilities.
7. SWP should refuse to wheel CVP water if CVP does not comply with State water quality standards.
8. Consider overall Delta facilities and operation under future water demand and conditions.

California Department of Fish and Game

Fisheries Considerations

1. Fish migration interference (mainly salmon).
2. Drafting of fish from central Delta and Sacramento River to the south Delta.
3. Diversion of fish too small to be screened effectively.
4. Barrier configuration (for fish passage).
5. Physical/operational measures to offset existing fish impacts and avoid greater future impacts.
6. Existing CVP screens promote higher than desirable fish losses.
7. Increased exports will decrease screening efficiency at SWP screens
8. Consider measures to improve screening efficiency.
9. Negotiate with CVP for a new fish agreement similar to the Banks Pumping Plant Fish Agreement

between DWR and DFG.
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Table A-2 (Continued)
Summary of Written Comments

California Department of Fish and Game (Continued)

Wildlife (Potential Impacts)

1. Riparian habitat.
2. Rare/threatened/endangered species.
3. Species of special concern.
4. Waterfowl/upland game species.

Institutional Considerations

1. Project proposals differ substantially in scope and complexity.
2. Target completion date does not seem reasonable considering overall scope of project.
3. Project time table would have the final document completed before the results of ongoing monitoring

studies on interim facilities is complete.
4. Before diversions are increased, existing fish agreement (Article 7) must be renegotiated to offset

adverse fish impacts of SWP that are not covered in the existing agreement.

U.S. Environmental Protection Agency

General

1. Actions that serve the same purpose should be analyzed as a group; not as separate actions.
2. Discuss other alternatives, particularly those related to water conservation.
3. Relate unquantffied impacts to any cost/benefit analysis.
4. Analyze impact to prime agricultural land.

Water Quality

1. Document water export needs.
2. Assess impacts of building new or using existing winter storage facilities.
3. Address the Banks Pumping Plant Fish Agreement between DWR and DFG, including a revised

agreement as a mitigation measure.
4. Discuss relationship with other proposed SWP and CVP projects.
5. Show compliance with water quality standards.
6. Discuss relationship with possible new Bay-Delta water standards and effects of standards on

signed contracts.
7. Maintain and protect beneficial uses of south Delta waterways.
8. Coordinate planning with State Water Resources Control Board and DFG.
9. Discuss flow releases to the Delta necessary to meet water quality standards.

Upstream and downstream changes to floodplains.
11. Increased toxicity in south Delta from discharge or runoff.
12. Changes in salinity or temperature of surface or ground water.
13. Impacts to riparian habitat on aquatic conditions.
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The scoping report noted that impacts in 12 environmen-ter quality/quantity impacts and to determine the most vi-
tal categories will be analyzed. The emphasis within eachable alternative for mitigating adverse impacts. Hydrody-
area is discussed below, namic simulation of flow requirements of south Delta

channels under various conditions of SWP and CVP oper-
Water Quantity and Quality ations, boundary condition tides, and San Joaquin River

flows should provide the basis for determining project ira-
Key issues to be addressed include: water levels.pactson

¯ effects of the proposed project on water quality, cir- Fisheries
culation patterns, and water levels in south Delta
channels; Key issues to be included:

¯ effects of the proposed project on water supply reli- ¯ how the proposed project, including barriers, will af-
ability through improved capability for banking win- fect fish (primarily salmon) migration in the San Joa-
ter supplies (Los Banos Grandes and Kern Water quin River system;
Bank); and

¯ how the proposed project will affect the drafting of
¯ how the project can maximize efficiency of the SWP fish from the central Delta and Sacramento River and

and CVP operations, the diversion of fish too small to be screened effec-
tively;

Additional specific issues to be addressed include:
¯ how the proposed project will affect predation losses

¯ relationship of the proposed project to related proj- in Clifton Court Forebay; and
ects, such as interim south Delta facilities, any North
Delta water management program, wheeling and¯ if increased exports result from the project, how the
purchase agreements with Reclamation, Los Banos increase will have on screening efficiency in Clifton
Grandes, potential conjunctive use programs, instal- Court Forebay and/or CVP screens.
lation of additional pumping units at the Bank Delta
Pumping Plant, and Reclamation’s additional DeltaAdditional specific issues to be addressed include:
export water contracting;

¯ potential physical and operational measures that may
¯ effects of the proposed project on reverse flows in the offset existing fishery impacts and avoid or reduce fu-

west Delta; ture impacts;

¯ potential for increased toxicity from discharge or ¯ effects of increased exports on the fish agreement be-
runoff, and changes in water temperature; tween DWR and DFG;

¯ relationship of the proposed project to dissolved oxy-̄ potential for developing a similar agreement between
gen depletion near Stockton; DFG and Reclamation to compensate for fish losses;

¯ relationship to existing water quality standards; ¯ relationship of the proposed project to fish and fish
food resources in other parts of the Delta, Suisun

¯ potential water conservation measures; Bay, and San Francisco Bay; and

¯ relationship of CVR, EBMUD, and CCWD facilities ¯ relative effectiveness of new intakes to Clifton Court
to any new SWP export facilities; and Forebay and relocation of fish screens to outside Clif-

ton Court Forebay.
¯ relationship of the project to siltation in south Delta

channels, Clifton Court Forebay, and the Delta-Fishery impacts will be analyzed using existing informa-
Mendota Canal. tion where possible. Much of this information has been

compiled through various State, federal, and interagency
DWR, Reclamation, and SDWA will make extensive use programs designed to monitor and assess project impacts
of hydrodynamic and water quality models to evaluate wa-on Bay-Delta biological resources. The fishery impact
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analysis will be coordinated with the following programs¯ effects on wildlife in Suisun Marsh due to salinity
or activities: changes; and

¯ Interagency Ecological Studies Program; ¯ effecton availability of water for wetlands.

Impacts on wildlife and native vegetation will be assessed
¯ Bay-Delta water fights hearings and exhibits; on the basis of field studies designed and conducted spe-

cifically for this project. Field studies include: vegetation/
habitat analysis, including wetlands, using a Habitat Eval-

¯ Interim South Delta facilities monitoring; uation Program (HEP) or modified HEP approach
designed by USFWS; and an analysis of waterfowl ha.bitat
use.

¯ Suisun Marsh monitoring;
Land Use and Agriculture

¯ Project operation studies; The key issue to be addressed is:

¯ Effectiveness of the proposed project to provide wa-
¯ Banks Pumping Plant Fish Agreement; and ter quality and quantity to meet agricultural needs in

the south Delta.

¯ Skinner Fish Facility monitoring. Additional specific issues to be addressed include:

¯ effects on existing rights-of-way, such as that held by
Where appropriate, hydrodynamic and project operation EBMUD;
models will be used to represent simulated base and proj-
ected conditions to assess effects of proposed alternatives̄ effects on floodplains and wetlands;
relative to some base set of conditions.

¯ compatibility of ancillary project features, such as
Wildlife and Native Vegetation recreation, mitigation easements, etc., with existing

land use plans; and
Key issues to be addressed include:

effectssuchasinundationonprimeagriculturalland.
¯ effects of the proposed project on Delta riparian habi-

tat and such species as raptors; and Geology, Soils, and Flood Control

The key issue to be addressed is:
¯ effect of the proposed project on waterfowl and

upland game species. ¯ Effect of the proposed project on flood control bene-
fits and levee maintenance in the south Delta.

Additionalspecificissuestobeaddressedinclude:
Recreation

¯ potential for waterfowl rafting on an enlarged Clifton
Court Forebay; Key issues to be addressed include:

¯ effects on food production for wintering waterfowl; ¯ effects of the project on recreational boating; and

¯ effects on amphibians and reptiles; ¯ the need for additional or enlarged recreational faci-
lities.

¯ effect on species of special concern;
Effects of the project on hunting and fishing will be dis-

¯ potential to design levees (setbacks) for long-termcussed under the sections, "Fisheries" and "Wildlife and
improvement of riparian habitat; Native Vegetation."
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Cultural Resources ¯ North Delta water management facilities;

A Class I archaeological survey to be conducted for the¯ West Delta water management facilities;

study area will include a literature and records search tō Los Banos Grandes offstream storage facilities;
identify significant historical and archaeological re-
sources. A Class II survey consists of a detailed records¯ Potential conjunctive use programs;
and literature search supplemented with partial field ex-
amination. When the final alternative is selected, a Class̄ Potential water conservation alternatives;
LrI survey, which consists of an intensive total field exami-
nation wiJ1 be conducted. ¯ Banks Pumping Plant Fish Agreement;

Rare, Threatened, and Endangered Species ¯ Bay-Delta water rights hearings;

The key issue to be addressed is: ¯ Interagency Delta Management Committee;

¯ Effect of the proposed project on rare/threatened/¯ Coordinated Operation Agreement wheeling and

endangered plant and animal species, purchase agreements;

Field inventories willbe conducted to determine the pres-
¯ Kellogg and Los Vaqueros project planning;

ence and distribution of listed and candidate species, in-̄ Contra Costa Canal relocation planning;
cluding plants, mammals, birds, reptiles/amphibians, and
insects. ¯ Coordination with Delta legislation;

Social and Economic Effects ¯ Kern Water Bank;

Social and economic impacts will be given an overall gen-̄ Coastal Aqueduct; and
eral treatment.

¯ Delta recreation planning.

Specific issues to be addressed include: Cumulative Impacts
¯ Economic effects of the proposed project on the cen-

tral and south Delta; Cumulative impacts will be analyzed for various elements
of the proposed project in the Bay-Delta estuary and in

¯ Financing of the proposed project, including mitiga-SWP and CVP service areas. Mitigation measures for cu-
tion; and mulative impacts will also be discussed. Cumulative im-

pacts will be discussed in relation to the Delta, SWP, and
¯ Cost of the proposed project. CVP planning and related projects.

Related Programs                           Growth Inducement

Impacts on related programs will be given an overall gen-This section will describe how the project could foster
eral treatment. Related programs to be considered in-economic and population growth and the construction of
clude: additional housing, either directly or indirectly.
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APPENDIX B
SOUTH DELTA NEGOTIATION AGREEMENTS
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APPENDIX B
SOUTH DELTA NEGOTIATION AGREEMENTS

The Department of WaterResources (DWR) has 4. installing a weir in Middle River near Victoria
signed three agreements with the South Delta Water Canal.
Agency (SDWA) to settle the litigation between
DWR, the U.S. Bureau of Reclamation (Reclama- This agreement will terminate when mitigation for
tion) and SDWA. They are the: State Water Project (SWP) impacts on the southern

Delta are eliminated or when the parties reach a per-.
¯ Joint Powers Agreement Regarding Mitigation for manent solution.

the South Delta, June 1986.

¯ JointPowersAgreementforTomPaineSlough, June The Joint Powers Agreement for Tom Paine Slough

1986 among DWR, SDWA, and Pescadero Reclamation
District permitted Pescadero to undertake the dredg-

¯ Agreement on Framework for Settling Litigation ing and siphon work in Tom Paine Slough described
Brought by the South Delta Water Agency Against above. DWR reimbursed Pescadero for all costs.
the United States and the California Department of DWR, Pescadero, and SDWA are monitoring water
Water Resources, October 1986. levels and circulation in Tom Paine Slough.

Negotiators for the three agencies are working active-
ly on a permanent agreement delineating mutuallyThe Agreement for Settling Litigation Brought by the

South Delta Water Agency against the United States andacceptablelong-termsolutiontothewater-leveland
circulation problems in the south Delta. This fourththe California Department of Water Resources was

agreement is expected to be included in the final EIR/signed October 10, 1986. This agreement, among
DWR, SDWA, and Reclamation committed the par-EIS.
ties to work out a negotiated permanent solution to

Summary of Agreements the water supply problems in the southern Delta.
The agreement includes releases from New Melones

The Joint Powers Agreement Regarding Mitigation for Reservoir by Reclamation on an interim basis. All

the South Delta was signed in June 1986. Under this parties involved will work to solve all problems in the

agreement, four interim measures were accom-south Delta through physical and/or operational
plished in the south Delta: means.

1. dredging a pilot channel in Tom Paine Slough toLong-term possible solutions include tide-gate barri-
conveyance ers in Middle River near Victoria Canal and Old Riv-increase andimprovewater levels;

2. modifying Clifton Court Forebay operations; er, dredging of shallow channel reaches, and releases
from New Melones Reservoir. In addition, all three

3. installing four 36-inch siphons at Tom Paineagencies will in developing a method ofcooperate
Slough; and forecasting low tides in the south Delta.

!
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AGREEMENT ON FRAMEWORK FOR’SETTLING LITIGATION BROUGHT BY THE
SOUTH DELTA WATER AGENCY AGAINST THE UNITED STATES AND

THE CALIFORNIA DEPARTMENT OF WATER RESOURCES

STATEMENT OF OBJECTIVES

The South Delta Water Agency (SDWA), the United States

and the California Department of Water Resources (DWR) are

engaged in litigation concerning the impacts of the operations of

the Central Valley Pro~ect by the Bureau of Reclamation (Bureau)

and the State Water Project by the DWR on the water rights

asserted by the SDWA in the southern Sacramento/San Joaquin

Delta. The parties agree to attempt to settle this litigation,

and, to that end, they will work together to develop mutually

acceptable, !ong-term solutions to the water supply problems of

the water users within the SDWA. To facilitate settlement

negotiations, the parties wil! stipulate to a stay of all action

in the litigation. During the negotiation process, the Bureau

will provide water releases from the New Melones Reservoir for an

interim period and cooperate with the SDWA in addressing the

particular interim problems of water diverters from Old River

between the Delta Mendota Canal intake and Salmon Slough, as

described below.

DEVELOPMENT OF    A    BASIS    FOR    SETTLEMENT

The parties will cooperate in developing a plan that

specifies long-term physical and/or operational solutions to the

water supply problems of the South Delta region. The particular
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problems this plan will address are the loss of efficient pump

operations, reductions in the San Joaquin River inflows and

accumulations of salts above historical levels in the San Joaquin

River and southern delta channels. The long-term actions to be

considered for inclusion in the plan will be, among others, the

construction and operation of tide-gated barriers in the Middle

River near, but upstream of, victoria Canal and in the Old River

west of the Westside Irrigation District intake channel; dredging

of shallow chan~el reaches; and specified releases from the New

Melones Reservoir.

The plan will contain provisions for appropriate cost

sharing among the parties, and a division of other

responsibilities for the implementation of solutions specified in

the plan. The allocation of costs also wi!l be determined by

agreement among the parties, taking into account available

information about the sources of the p~oblems addressed and the

benefits each will receive as the result of the implementation of

the plan.

The parties will attempt to develop a preliminary

statement of the plan, focusing on physical and operational

actions, no later than April i, 1987, and a final statement of

the plan, including provisions for cost allocations, no later

than April I, 1988. It is understood that the Bureau’s

participation in implementing the plan may depend on new

Congressional authorization and/or appropriations, and that its
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ability to agree to any provision of the plan requring an act of            I

ConGress is severely constrained.

INTERIM ACTIONS                                                                                                                                                                                   I

To facilitate the settlement negotiations, the Bureau

will provide sufficient water releases from the New Melones

Reservoir to meet the following criteria, applied at the U.S.

Geological Survey stream gage near Vernalis, during the period of

the negotiations: (a) flows of the San Joaquin River will be

maintained at not less than 500 cfs on a seven day running

average basis; (b) flows of the San Joaquin River will be

maintained at a 14-day running average water quality of 450 ppm -

TDS or better during the irrigation season of April through

October and at a mean monthly water quality of 500 ppm TDS or

better during the remainder of the year; (c) flows of the San

Joaquin River will not be less than the monthly volumes presented

in the table below; (d) the releases from New Melones required

under the .preceding criteria will be limited to a maximum of

150,000 acre-feet per water year in addition to the releases made

by the Bureau from New Melones to maintain fish and water quality

in accordance with the California Water Resources Control Board’s

Decision D-1422; and (e) the Bureau will not reduce the interim

flows specified in these criteria without first providing SWDA

with six months notice, unless a lesser notice period is

compelled by emergency circumstances.

!
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Vernalis Flow

Month in ~ONF

Oct 37

Nov 31

Dec 30

Jan 30

Feb 30

Mar 30

Apt 35

May 44

June 49

July 69

Aug 6 4

Sep 45

Additionally, the Bureau, the D~gR and the SDWA will cooperate in

developing a reasonable method of forecasting low tide conditions

in the southern delta under which the diversions of water from

Old River between the Delta Mendota Canal intake and Salmon

Slough be restricted, and the will consider timelymay Bureau

requests by the SDWA to modify its export pumping operations to

reduce such restrictions.

!
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!
CONDIT!ONS

The court must approve a stipuiation by the parties

that provides at a minimum that the April 1987 trial date now

scheduled in the litigation be cancelled and that no party will

seek to schedule a new trial to begin sooner than six months

after written notice to the other parties, except as provided in

condition 5, below.

2. This Agreement. may be terminated by any party on or

after 6 months from the date of notice provided in accordance

with condition I.

3. The parties agree that none of the actions taken by

the parties as bases for settlement of the litigation, nor any

writings proposing or describing such action, will be relied

upon: (a) to establish that the Central Valley Project and/or

the State Water Project operations have damaged or unlawfully

interfered with the water rights of the SDWA or any of its water

users; (b) to define, limit or establish the nature or extent of

any water rights asserted by the water users within the SDWA; or

(c) to establish any new cause of action by the SDWA against

either the United States or the DWR.

4. The parties agree that it is not their intention to

create any third party interest by any action taken or agreement

reached in the settlement negotiation process.
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5. The stipulation to stay the litigation will not

p~eclude the SDWA from seeking emergency inj un~ive relief, but

upon any such action by the SDWA, the Bureau and/or the DWR may

withdraw from this Agreement.

6. This Agreement is not intended to modify any

outstanding agreement between the SDWA and the DWR.

(Date) Robert E. Ferguson.,~ Chairman
South Delta Water ~gency

/(Date) ,David G. Houston,
Regional Director,
U.S. Bureau of Reclamation

Date) David N. Ke’n~edy,~D~~_~
California Department Of Water
Resources

Approve~ as ~o legal form
and sufficiency: " ¯ . ..........

C~h~..~.’f �ount41, Depa~tmen~
---~ f ~at~esources
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JOINT POWERS    AGREEMENT    REGARDING MITIGATION    FOR THE    SOUTH    DELTA

¯ he parties to this agreement are the Department. of Water
Resources of the State of California (DWR) and the South Delta Water
Agency (SDWA) .

RECITALS

I. DWR is the state agency which operates the State Water
Resources Development System which includes the State Water
Project.

2. SDWA is a public agency formed for the purposes of
ente in~ into     ~ ~r ~        contracts with the United States and the State of
California to protect the water supply of lands within the agency
from salinity intrusion and to assure a dependable supply of water
to meet needs of lands within the SDWA.

3. On July 9, 1982, SDWA filed a lawsuit in which it
alleged, among other things,that operations of DWR’s State Water
Prcject (SWP) and the United States Bureau of Reclamation’s Centra!
Valley Project (CVP) adversely affected water levels and circulation
in the SDWA and that DWR and the United States Bureau of Reclamation
had a legal responsibility to mitigate for such impacts.

4. On September 4, 1985, DW~ and SDWA.agreed to a letter
of intent which is the basis of negotiations between the two parties
for a permanent agreement, to eliminate adverse water level and
circulation impacts resulting from the construction and operation
of the SWP, a copy of which is attached as Exhibit A.

5. This agreement is intended by the parties to carry out
the obligation of DWR under the letter of intent to take interim
steps needed to prevent losses of adequate agricultural pump draft
within SDWA caused by the SWP and CVP and does not affect other
provisions of the letter of intent, including ultimate allocation
of costs.

THEREFORE, the parties agree:

i. DWR acknowledges that it has some responsibility for
causing or contributing to the low water leve! in the SDWA. The
exact level of responsibility is not known at this time. Both
parties agree that, until final agreement is reached., interim
measures are needed to prevent low water levels which could
adversely affect beneficial uses within SDWA.

2. Nothing in this agreement shal! be construed to
indicate that the SWP has damaged or unlawfully interfered with the
water rights of the SDWA or its water users nor shall be interpreted
in any way to limit, define, or establish the full extent of any
water rights of water users within the SDWA.
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3. DWR will use its best efforts to dredge a pilot
channel in the existing Tom Paine Slough to increase water
conveyance and improve water levels before August 1986. The channel
will extend from approximately 3,100 feet upstream of Laurel Avenue
to approxiamtely 1,500 feet upstream of California Avenue. Dredging
will consist of approximately i00,000 cubic yards of material.

4. Modeling studies by DWR and SDWA described in Appendix
A show that the dredging described in Paragraph 3,.together with the
operation of Clifton Court as described in Appendix B, may eliminate
adverse impacts on water levels in Tom Paine Slough caused by the
CVP and SWP. Upon completion of dredging, an engineering study
which includes field measurements will be implemented to verify the
modeling results. If the pi!ot channel described in Paragraph 3
does not provide Tom Paine Slough with the maximum diversion rates
that would exist without the SWP and CVP as set forth in Appendix A,
DWR will conduct more dredging or install up to four 36" siphons
with f!ap gates at the existing barrier near Sugar Cut, until such
maximum diversion rates can be reached. If permitting agencies

~__m~n~ that screens are necessary to protect the fishery, fish
screens will be installed at the inlets to the siphons.

5. Each year, beginning in 1986, DWR wil! use its best
efforts to install a weir in Middle River near Victoria Canal
including at least six 48 inch diameter culverts with flap gates
during the irrigation season except when San Joaquin River flows
will clearly continue to be sufficient<to provide low tide
conditions which would prevent low water level problems to diverters
in Middle River. Once installed, the weir would remain until the
end of the irrigation season. The weir is intended to increase water
levels in Middle River between Old River and ViGtoria Canal so that
agricultural pumpscan divert water for at least as long a period
of time during each tidal cycle as would be possible in the absence
cf the CVP and SWP. After the irrigation season, the part of the
weir which does not contain the culverts will be removed by DWR.

6. Modeling studies by DWR and SDWA described in Appendix
A, show that installation of the weir described in paragraph 5,
together with the operation of Clifton Court as described in
Appendix B, may eliminate adverse impacts on water levels in Middle
River caused by the SWP and CVP. Upon installation of the weir, a
field testing program will be implemented to verify the modeling
results, if the weir does not provide Middle River with the maximum
diversion rates that would exist without the CVP and SWP as set
forth in Appendix A, DWR and SDWA will work together to determine if
there are other interim measures which can eliminate or reduce such
adverse impacts. If other measures are found which both parties
find acceptable, this agreement may be renegotiated to include such
measures. In the event a situation should arise in which the weir
is damaging rather than benefitting the Middle River water supply,
the weir will promptly be removed by DWR upon request of SDWA.

7. With cooperation from SDWA, DWR shall be responsible
for obtaining necessary permits, licenses and approvals and wil! be
the lead agency for appropriate environmental documentation for the
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work to be done under this agreement. The ~arties agree that each
of the projec%s described in paragraphs 3-6 are subject to the
California Environmental Quality Act (CEQA). All environmental
determinations have not been made as of the date of execution of
this agreement because there is not sufficient information to
provide detailed meaningfu! information about likely environmental
effects of al! the projects and appropriate mitigation measures or
alternatives. A decision to approve each of the projects will be
made only after the environmental process has been.completed for
that project and the required findings and determinations have been
made and neither party shall be obligated under this agreement to
carry out a specific project until the process has been completed
and a Notice cf Determination filed.

8. DWR may contract with public entities in the SDWA to
carry out the work described in paragraphs 3-6.

9. DWR shall not be obligated to carry out the work
described in paragraphs 3-6 if necessary access and right of way are
not provided hy the landowners, including fo~ placement of dredge
spoil and stock piling of the weir material during the
non-irrigation season; if despite DWR’s best efforts, required
permits and licenses are not granted; or if any circumstances beyond
DWR’s control prevent carrying out such work.

i0. After the work described in paragraph 3 is completed,
DWR shall not be responsible for dredg,ing required to maintain the
hydraulic capacity of Tom Paine Slough at the level attained through
constructing the pilot channel. However, DWR shall be responsible
for any dredging made necessary by a failure or defect in the pilot
channei itself, such as sloughing of material into the trench in a
manner’which reduces hydraulic capacity. If a dispute arises
regarding responsibilities, DWR shall complete an engineering study
which includes field measurements to determine whether hydraulic
capacity has been reduced and if so what are the causes.

If the siphons described in paragraph 4 are installed,
then DWR shall thereafter maintain them together with any
appurtenant fish screens. Such. maintenance shall include all
repairs and replacement made necessary by corrosion or any other
damage save that caused by the negligence of the local reclamation
district. DWR shall not be responsible for day to day operations of
the siphons including priming the siphons, and keeping the siphons
clear of debris.

ii. DWR agrees to operate Clifton Court Forebay as set
forth in Appendix B.

12. SDWA agrees that if the Department completes the work
agreed to in paragraphs 3-6, operates as required by paragraph ii,
and continues to negotiate in good faith toward a permanent
solution of SWP caused problems in the SDWA, it will release DWR
from any claims it may have based upon the impact of the SWP
operations on water levels in the SDWA during the term of this
agreement, unless it is determined that the measures described in
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paragraphs 3-6 are not working as predicted and are substantially
unable to eliminate adverse impacts on water levels in Tom Paine
Slough and Middle River caused by the SWP and the CVP.

If SWP impacts reduce water levels in other areas of the
SDWA so that pump draft of other water users within SDWA is
substantially inadequate, DWR will undertake every effort to operate
Clifton Court in a way which will eliminate problems caused by the
SWP. If DWR does not undertake such an effort, SDWA shall not be
required to continue the release agreed to above.

13. This agreement shall be effective as of January I,
1986, and shall terminate when a permanent agreement is reached
regarding mitigation for SWP impacts on the SDWA or when termination
is agreed to by both parties.

14. DWR and SDWA shall seek the cooperation of the Bureau
of Reclamation to eliminate the adverse impacts of the CVP’s export
facilities, including meeting its share of the costs of the measures
in this agreement.

15. The maximum amount to be spent by DWR under this
a~reement~ shall not exceed $231,000 for the dredging desc~’.~oe~ in
paragraph 3; $230,000 for the siphons described in paragraph 4;
$250,000 for initial installation of the weir’described in paragraph
5; and $81,000, adjusted annually in accordance with the Bureau
of Reclamation construction cost composite trends indicator for
annual removal (including permanent removal if required by vermitting
agencies or if the contract is terminated) and reinstailation of
the weir described in paragraph 5. DWR administrative costs and
personnel time other than for construction engineering and inspectior.
shal! not be charged to the above costs. If it is determined that
the work described in paragraphs 3-6 wil! cost more than the amounts
set forth in this paragraph, the parties will consult with respect
to the problem and may agree to renegotiate this agreement and the
maximum amounts set forth in this paragraph.

16. A copy of the Resolution of the Board of Directors of
SDWA authorizing execution of this agreement is attached.

17. Subject to applicable State laws and regulations, DWR
shal! have full and free access at all reasonable times to SDWA’s
account books and records insofar as they pertain to the subject
matter of this agreement, with the right at any time during office
hours to make copies thereof. SDWA shall have the same rights with
respect to the books and records of DWR.

18. Those matters pertaining to the performance of this
agreement including the cost of administering this contract shall be
subject to the examination and audit of the California Auditor
General for a period of three years after final payment under this
contract.

19.’ Any claim that SDWA may have regarding the
performance of this agreement shal! be submitted to DWR within
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thirty days of its accrual or discovery. DWR and SDWA shall then
attempt to negotiate a resolution of such claim and process an
amendment to this agreement to implement the terms of any such
resolution.

20. SDWA affirms that it is aware of the provisions of
Section 3700 of the California Labor Code which requires every
employer to be insured against liability for workers’ compensation
or to undertake self-insurance in accordance with the provisions o’f
that Code, and SDWA affirms that it will comply wi~h such provisions
if it performs work under this agreement which is subject to that
Code.

21. The provisions of the attached Nondiscrimination
Clause are made a part of this agreement by this reference.

22. Any notices required or desired to be served by
either party upon the other shall be addressed to the respective
parties as set forth below:

DATED JUN 05 1986

DWR SDWA

State of California South Delta Water Agency
Department of Water Resources 311 East Main Street, Room 504
1416 Ninth Street Stockton, CA 95202
Sacramento, CA 95814

APPROVED AS TO LEGAL

By. V~3~----
.........’         -- ROBERT E. FE~GUSON ~

io~I"" ./If .......
~

Chairman

RESOURCES "
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JOINT PO~EP, S AGREEMENT FOR TOM PAINE SLOUGH

The pal-ties to this agreement are the Department of Water
Resources of the State of California (DWR), Pescadero Reclamation
Dist[ict # 2058 (Pescadero), and the South Delta Water Agency
( S m,;a ).

RECITALS

i. DWR is the state agency which operates the State Water
Resources Development System which includes the State Water
Project.

2. SDWA is a public agency formed for the purposes of
entering into contracts with the United States and the State of
California to the water of lands within theprotect supply agency
from salinity intrusion and to assure a dependable supply of water
to meet needs of lands within the SDWA.

3. Pescadero is a public agency with authority to
maintain the Tom Paine Slough and the inlet gates near Sugar Cut for
purposes of supplying water to lands within Pescadero.

4. On July 9, 1982, SDWA filed a lawsuit in which it
alleged, among other things, that operations of DWR’s State Water
Project (SWP) and the United States Bureau of Reclamation ’s Central
Valley Project (CVP) adversely affected water levels and circulation
in Tom Paine Slough and elsewhere in the SDWA and that DWR and the
United States Bureau of Reclamation had a legal responsibility to
mitigate for such impacts.

5. In an effort to resolve the dispute DWR and SDWA
recently agreed, among other things, to interim steps aimed at
improving water levels in Tom Paine Slough through dredging and
possibly the installation of siphons. The agreement provides a
local agency may be selected for the task and DWR has asked
Pescadero to undertake the work. Pescadero has agreed so long as it
is rei!nbursed for its costs. Therefore, in order to set out their
respective responsibilities in carrying out these improvements th~
parties have entered into the following:

AGREEMENT

i. The works of improvement shall consist firstly of
Pescadero dredging a pilot channel in Tom Paine Slough to increase
wates conveyance and improve water levels. The channel shall extend
from a point approximately 3,100 feet east of Laurel Avenue to a
point approximately 1,500 feet east of California Avenue. The
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dcedging will remove approximately i00,000 cubic yards of material
from the slough.

2. Upon completion of dredging D~R and SDWA shall conduct
appropriate tests and studies to determine the degree of improvement
in water conveyance and levels brought about by the dredging.
Thereafter D~{R may request Pescadero to install up to four 36"
siphons with-flap-gates in the levee between Tom Paine ’Slough and
Sugar Cut. Pescadero shall have no responsibility to install or
contract for fish screens if required by regulatory agencies.

3. With cooperation from Pescadero and SDWA, DWR shall
obtain necessary permits, licenses and approvals and will be the
lead agency for appropriate environmental documentation for the work
to be done under this agreement. DWR will provide preliminary
designs and specifications for the proposed work which will include
restrictions on dredging and placement of spoil designed to protect
sensitive plants and wildlife.

4. Pescadero shall prepare final design, specification,
contract procedures, cost estimates, and schedules. Such work must
receive approval from DWR before any work to be paid for under this
agreement is started. DWR will use its best efforts to approve all
items within 15 days of submission by Pescadero.

5. Pescadero may contract with others to do the work
specified in this agreement; however, DWR’s approval of such
contracts must be obtained before any work to be paid for under this
agreement is started. DWR shall use its best efforts to approve all
items within 15 days of submission by Pescadero.

If Pescadero decides to contract with others, it shall
provide plans and specifications to at least three qualified
contractors who shall be given the opportunity to bid. Where three
bids cannot be secured, an explanation shall be provided in writing
to the Department of Water Resources (DWR). The award shall be made
to the lowest responsible bidder, unless DWR agrees that it is in
the best interests of the State to have the work performed by
another bidder.

6. DWR shall inspect the work carried out by Pescadero to
assure itself that t~e work is being done in compliance with the
design, costs and schedules and contracts approved by DWR pursuant
to Articles 4 and 5. Primary inspection shall be the responsibility
of Pescadero.

7. If at any time DWR does not approve the work to be
done, Pescadero and DWR shall exercise good faith efforts to resolve
any differences and to have the work conform to D~R’s needs. If a
resolution of differences does not occur within a reasonable time,

!
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this Agreement shall be terminable by either party upon written
notice to the other. In case of termination, al! documents prepared
pursuant to Articles 4 and 5 shall be delivered to DWR and Pescadero
sh~ll be compensated for any costs incurred which have been approved
by the Department for work it has carried out pursuant to this
contract, which approval shall not be unreasonably withheld.

The phrase "costs incurred which have been approved by the
Department" includes but is not limited to al! legal and engineering
fees and administrative expenses incurred by Pescadero in
negotiating and preparing this agreement and conducting the
preliminary meetings, site inspections and engineering work.

8. Except for those costs described in Article 9, and the
costs of Pescadero’s responsibilities described in Article i0, DWR
shall pay Pescadero for the actual costs incurred in preparing this
agreement and carrying out its terms, including reasonable costs
attributable to and services and administrativelegal engineering
expenses. Payment shall be as follows:

a. DWR shall pay Pescadero $7,300 within 30 days after
the execution of this agreement to cover preliminary planning
costs.

b. Other costs incurred shall be paid as follows: By the
first day of each month in which work under Articles 1 and 2 is to
be carried out, Pescadero shall give DWR an estimate of the amounts
required for that month’s work, including related engineering, legal
and administrative expenses. Pescadero may also submit estimates on
a basis not mentioned herein provided the basis is first approved by
DWR. Upon approval by DW~ it shall pay Pescadero 75 percent of the
estimate. Such payment shall be made within 30 days after
approval.

At the end of the month or when Pescadero has ascertained
the true costs of the work for which the estimate was given, it
shall submit to DWR a billing showing those costs, together with
itemized invoices and other appropriate documentation sufficient to
permit DWR to satisfy itself as to the accuracy of the billing.
When DI~R has approved the billing it shall forthwith pay to
Pescadero the difference between the tru~ cost of the work and the
partia! payment previously made. DWR shall use its best efforts to
make payment within 15 days after receipt of billing by Pescadero.
Bills or portions of bills which are not paid by the date due shall
thereafter accrue an interest charge at the rate of one and one-
quarter percent (I i/4%) per month or the maximum rate permitted by
law, whichever is less, from the date the billing payment is due
until such payment is made; provided, however, that payments sent by
mail shall not be subject to such interest charges if the postmark
indicates the payment was mailed on or before the due date.

!
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As soon as practicable after the execution of this
agreement DWR shall meet with Pescadero to explain the degree of
itemization, accounting and documentation DWR needs in order to
satisfy itself as to the accuracy of claims submitted by Pescadero.

i). Costs for the work described in Article 1 shall not
exceed the following:

Costs of dredging -- $171,600.

Costs for engineering and inspection services of
Pescadero -- $40,000.

Costs for legal services of Pescadero -- $5,000.

Costs for administrative expenses of Pescadero -- $3,100.

2) Costs for further dredging and/or the purchase and
installation of the siphons described in Article 2 shall not exceed
$230,000.

c. In the event that:

(i) before the contracts are let it appears the maximum
costs will exceed those listed in Article 8(b);

(2) during the work, unforeseen conditions are discovered
which make it clear that the costs of completing the project will
exceed those listed in Article 8(b);

(3) unforeseen requirements imposed by the courts or
governmental agencies increase or threaten to increase costs to more
than those listed in Article 8(b);

Then the parties will consult with respect to the problem
and may agree to renegotiate this contract and the maximum amounts
listed in Article 8(b) sufficiently to cover the additional costs
including additional engineering, legal and administration costs.
If the parties fail to agree on such an increase then Pescadero
shall not be required to perform any services the cost of which
exceeds the maximum set forth in Article 8(b).

9. Pescadero shall provide all access and right of way
necessary to perform the work described in this agreement.
Pescadero shall also be responsible for disposing of the material
dredged from Tom Paine Slough after it has been deposited on the
land adjacent to Tom Paine Slough.

i0. After Pescadero completes the work described in
Article i, it shall be responsible for dredging required to maintain
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the hydraulic capacity of Tom Paine Slough a~ the level attained
through constructing the pilot channel. However, D~R shall be
responsible for any dredging made necessary by a failure or defect
in the pilot channel itself, such as sloughing of material into the
trench in a manner which reduces hyd~au!ic capacity.

If the siphons described in Arhicle 2 are installed, then
Dyer shal! thereafter maintain them together with any appurtenant
fish screens. Such maintenance shall include all repairs and
replacement made necessary by corrosion or any other damage save
that caused by the negligence of Pescadero. Pescadero shal! be
responsible for day to day operations of ~he siphons including
priming the siphons and keeping them clear of debris.

DWR and Pescadero agree that even though this agreement
may terminate for other purposes, the maintenance obligations of DWR
set forth in this Article shall continue for so long as DWR
continues to draw water for the State Water project from the
channels of the south delta or until the facilities installed under
this agreement are removed.

ii. The have in mind the crisis which exists inparties
the insurance industry at the time this agreement is to be performed
and the grave problems faced by all public agencies in purchasing
adequate liability coverage. They therefore agree that Pescadero
shall make reasonable efforts to obtain property damage and personal
liability insurance policies to cover damages which may possibly
result f~om the activities carried out by Pescadero under this
agreement if such activities are not covered under existing
insurance policies. Pescadero’s insurance policies shall include
D~’~R, its officers and employees as additional insureds for the
activities described in this agreement. If the coverage described
in this Article will result in increased premium charges to
Pescadero, Pescadero shall not be obligated to purchase such
coverage. Pescadero shall, however, inform DWR of the cost of such
incremental coverage and shall obtain such coverage if DWR agrees to
pay the incremental costs.

12. To the extent a liability damage or injury claim is
not covered by insurance obtained in accordance with this Agreement,
each Party agrees to accept to the extent provided by law, legal
liability and financial responsibility, including any duty to
indemnify the other party, for its own activities and conduct under
this Agreement which cause damage or injury to the other Party or to
any or property.person

13. Pescadero agrees to be bound by any release which
SDWA gives to DWR with respect to claims based upon the impact of

!
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S~’$P operations; for example, if SDWA releases DWR from any claims it
may have based upon SWP operations, then such release shall also
constitute an identical release from Pescadero.

14. Performance by the parties of their respective
obligations under this agreement, except for the payment of money
for costs incurred which have been approved by DWR shall be excused
during such time as such performance is prevented by acts of God,
strikes, riots, acts of war, governmental agencies having
jurisdiction or other causes beyond the control of any party.

15. This agreement shall be effective as of January i,
1986, and shall terminate when a permanent agreement is reached
between SDWA and D~qR on mitigation for SWP impacts on the SDWA or
when termination is agreed to by all the parties.

16. Subject to applicable State laws and regulations, DWR
shall have full and free access at all reasonable times to
Pescadero’s account books and records insofar as they pertain to the
subject matter of this agreement, with the right at any time during
of£ice hours to make copies thereof. Pescadero shall have the same
rights.with respect to the books and records of DWR.

17. Those matters pertaining to the performance of this
agreement including the cost of administering this contract shall be
subject to the examination and audit of the California Auditor
General for a period of three years after final payment under this
contract. If Pescadero contracts with others to perform work for
Pescadero, it shal! require the cost records of such contractors to
be subject to the same condition.

18. Except for claims made under Article 8b above, any
claim that SDWA and/or Pescadero may have regarding the performance
of this agreement including, but not limited to, claims for
additional compensation or extension of time, shall be submitted to
DWR within thirty days of its accrual or discovery. DWR, and SDWA,
or Pescadero shall then attempt to negotiate a resolution of such
claim and process an amendment to this agreement to implement the
terms of any such resolution.

19. Pescadero affirms that it is aware of the provisions
of Section 3700 of the California Labor Code which requires every
employer to be insured against liability for workers’ compensation
or to undertake self-insurance in accordance with the provisions of
that Code, and Pescadero affirms that it will comply with such
provisions before commencing the performance of the work under this
agreement.

20. The provisions of the attached Nondiscrimination
Clause are made a part of this agreement by this reference.

!
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I
g 21. A copy of the Resolution of the Board of Directors of

?escadero authorizing execution of this agreement is attached.

i 22. Any notices required or desired to be served by
either party upon the other shall be addressed to the respective
parties as set forth below:

DATED ..... ~%

i DWR PESCADERO

State of California Pescadero Reclamation District #2058

i Department of Water Resources 3650 West Canal Boulevard
1416 Ninth Street Tracy, CA    95376
Sacramento, CA    95814

e APPROVED AS TO LEGAL PESCADERO RECLAMATION DISTRICT #2058
FORM AND SUFFICIENCY:

____~Ch~ef Counse~

TAT~OF CaLIFORNiA S~A
i ~.~TM~T O~ ~q~TER R~SOORCES

South Delta Water Agency
311 East Main Street, Room 504

i Stockton, CA    95202
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INTRODUCTION

This appendix presents details of engineering studies̄ south Delta configurations for Delta studies;
made in support of the South Delta Water Management
Program (SDWMP). It includes the following technical
discussions and data: ¯ examples of the presentation of Delta modeling re-

sults;
¯ assumptions and criteria in operation studies;

¯ boundary conditions and hydrology data for Delta¯ tables of monthly average Delta salinity at D-1485
studies; standards stations; and

¯ process of selecting which configurations of alterna-
tive components to evaluate for environmental im-¯ tables of changes in Delta salinity and water levels
pacts; with respect to the no-action alternative.

OPERATION STUDIES

Monthly water supply studies of the State Water Project some winter months if there is sufficient San Joaquin Riv-
(SWP) and the Central Valley Project (CVP) systems er flow at Vernalis). The second study (study 327B) as-
were performed with the Department of Water Re- sumed south Delta facilities to allow SWP diversion at
sources’ (DWR’s) statewide water simulation model Banks Pumping Plant to 10,300 cfs, as well as the opera-
(DWRSIM) to evaluate the impacts of the South Delta tion of LBG and KWB.
Water Management Program (SDWMP) on SWP opera-
tion. These water supply studies account for the totalThe two studies operated SWP facilities in accordance
availability, storage, release, and use of water in the Sac-with Decision 1485, the Coordinated Operation Agree-
ramento and San Joaquin River systems, the Delta, thement, and agreements and contracts with local Delta in-
aqueduct systems south of the Delta, and any proposedterests. The operation studies used delivery-carryover
additions to the SWP system such as Los Banos Grandesstorage relationships that were designed to simulate the
Reservoir (LBG) and Kern Water Bank (KWB). They concept and philosophy of criteria adopted by thc DWR’s
represent a superimposition of future water demands andDivision of Operations and Maintenance in 1987. °lhble
development on the historical water supply for theC-1 lists in more detail the assumptions in the two opera-
57-year period from water year 1922 through 1978. Suchtion studies.
studies provide monthly data on reservoir storage and re-
leases, and Delta inflows, exports, and outflows. The monthly Delta inflows, exports, and outflows pro-

duced from these operation studies over the 57-year study
period aided in analyses of possible impacts of the

To evaluate the impact of the SDWMP on Delta inflows, SDWMP on: SWP monthly operational changes, SWP
exports, and outflows, two watersupplyoperation studiesreliability, Delta outflows and outflow pulses, striped
were simulated assuming SWP demands of 3.3 millionbass, Chinook Salmon, and other fish species, fish food
acre-feet (MAF): a base study to be used for the no-ac- supply, Suisun Marsh, and San Francisco Bay aquatic re-
tion alternative, and a second study to be used for both thesources.
preferred alternative and the other SDWMP alternatives.
The base study (study 340B) assumed that four additionalThe monthly Delta inflows, exports, and outflows simu-
pumps at Banks Pumping Plant were operational butlated with these operation studies also provided the hy-
without other south Delta improvements, thus limitingdrologic conditions for the subsequent Delta studies con-
SWP allowable diversion capacity to 6,680 cfs (7,300 cfs inducted in support of the SDWME
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Table C-1
Basic Assumptions And Operation Criteria In Statewide Operation Studies

In Support Of South Delta Water Management Program

1. No-Action Study (Study 340B)

¯ SWP demands of 3.3 MAF.

¯ 57-year study period from October 1922 through September 1978.

¯ No Delta facilities.

¯ Carriage water requirements based on allowable export/salinity repulsion curves developed by
the DWR Central District, updated as of January 14, 1988, to maintain 100 ppm chloride at
Clifton Court.

¯ Minimum Delta outflow requirements based on SWRCB Decision 1485, assuming the new Emmaton
flow/salinity relationship and interim Suisun Marsh criteria.

¯ SWP H.O. Banks Pumping Plant capacity limited by the Corps permit to 6,680 cfs (7,300 cfs in some winter
months), and further limited by the SWRCB Decision 1485 to 3,000 cfs in May and June, and 4,600 cfs in
July.

¯ CVP Tracy Pumping Plant capacity at 4,600 cfs. Pumping capacity limited to 3,000 cfs in May and June in
compliance with the SWRCB Decision 1485.

¯ Wheeling of CVP water by SWP facilities, only when unused pumping capacity becomes available at the
H.O. Banks Pumping Plant, and up to 194 TAF for repayment of CVP Tracy Pumping Plant curtailment in
May and June.

¯ CVP/SWP sharing ratio used for meeting requirements at the Delta were as follows: storage withdrawals
for in-basin use split 70% CVP / 30% SWP, and unstored flow for storage and export split 55% CV-P / 45%
SWE

¯ East Branch of the California Aqueduct enlarged by 1,400 cfs from the Alamo Power Plant, with total
capacity at 3,037 cfs. West Branch of the California Aqueduct at the existing capacity of 2,414 cfs. Joint
reach below O’Neill Forebay at existing capacity of 7,100 cfs.

¯ American River minimum fish and recreation flows used were as follows:

Reduced D-1400 years1 D-893 years Reduced D-893 years
1926 1929 1924
1935 1930 1931
1936 1932
1939 1933
1947 1934
1959 1976
1960 1977
1966
1968

1D-1400 flow requirements apply above City of Sacramento intake. Modified D-1400
flows were met in all other years from 1922 through 1978
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Table C-1 (Continued)
Basic Assumptions And Operation Criteria In Statewide Operation Studies

In Support Of South Delta Water Management Program

No-Action Study (Continued)

¯ New Melones storage at 2.4 MAF, operated to meet local demands and the SWRCB Decision 1422
requirements only.

¯ CVP demands follows:as

Contra Costa Canal = 160 TAF/Yr
DMC and Exchange = 1,637 TAF/Yr
CVP San Luis Unit -- 1,320 TAF/Yr
San Luis Interim Delivery = 60 TAF/Yr
San Felipe Unit = 173 TAF/Yr

Total CVP Delta Export = 3,350 TAF/Yr

Folsom South Canal = 312 TAF/Yr

¯ 3.3 MAF SWP demands (including losses and recreation water), based on DWR
Bulletin 132-87 (WHL87) as follows:

Entitlement Scheduled
Request (TAF/Yr) Surplus (TAF/Yr)

North Bay Aqueduct 52 0
South Bay Aqueduct 213 0
SWP Dos Amigos 3095 0

Total 3,360 0

Agricultural Portion 1,242 0
M&I Portion 2,049 0
Losses & Recreation 69 0

SWP actual deliveries and shortages in any given year are computed by the model, based on
hydrology in that year. A set of carryover storage targets for study 340B are as follows:

Delivery Delivery Carryover Storage Range
Class Target (TAF/Yr) (TAF)

Max Min
1 3,360 2,770 2,730
2 3,360 2,770 2,730
3 3,360 2,770 2,400
4 2,646 2.400 2,200
5 2,290 2,200 1,750
6 2,062 1,750 900
7 1,607 900 900
8 838 900 900
9 222 900 900
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Table C-1 (Continued)
Basic Assumptions And Operation Criteria In Statewide Operation Studies

In Support Of South Delta Water Management Program

2. Preferred Alternative and Other Alternatives (Study 327B)

All basic assumptions and operation criteria for this study are similar to those described for study 340B,
except for the following:

¯ Improved south Delta channels allowed full use of the Harvey O. Banks Pumping Plant capacity
to 10,300 cfs.

¯ A Los Banos Grandes Offstream Storage Facility and a Kern Water Bank were with a combined
capacity of from 2 to 3 MAF were incorporated into the SWP system, The Kern Water Bank
was assumed to have the following characteristics:

Ground Water Recharge

- Maximum recharge rate of 30 TAF/mo.
- After nine consecutive months of recharging at 30 TAF/mo., the recharge rate was reduced

to 25 TAF/mo.
- Ground water basin recharge in wet, above normal, and below normal years with normal

snowmelt.
- Recharge activity halted, regardless of year type, if Oroville storage fell below 1,450 TAF.
- SWP recharge activity in months of high local and natural recharge was adjusted according

to the data provided by the San Joaquin District.
- Losses during recharge operation set at 5% of the diversions made for ground water storage.

Ground Water Extraction

- Maximum extraction rate of 30 TAF/mo.
- Extraction from the ground water basin in below normal years with subnormal snowmelt,

dry, and critical years.
- Extraction from the ground water basin started, regardless of the year type, if Oroville

storage fell below 1,300 TAF.

¯ SWP actual deliveries and shortages in any given year are computed by the model, based on
hydrology in that year. A set of carryover storage targets for study 327B are as follows:

Delivery Delivery Carryover Storage Range
Class Target (TAF/Yr) (TAF)

1 3,360 4,000 3,980
2 3,360 4,000 3,980
3 3,360 4,000 3,100
4 2,920 3,100 2,950
5 2,700 2,950 2,450
6 2,429 2,450 1,180
7 1,887 1,180 1,000
8 978 1,000 1,000
9 251 1,000 1,000
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DELTA MODELING STUDIES

Mathematical model studies of flows and salinity in thethis model is shown in Figure C-1. The following attrib-
Sacramento-San Joaquin Delta were conducted in sup-utes of this model are of particular importance:
port of the SDWMP EIR/EIS: These studies were com-
pleted in several steps: ¯ it uses the most current descriptions of Delta channel

bathymetry;
selection and preparation of computer models capa-
ble of simulating hydrodynamic and salinity condi-̄ it simulates timed operations of forebay intake gates

tions for the Sacramento-San Joaquin Delta based on such as the SWP Clifton Court Forebay;

physical principles and an accurate representation of
Delta channel configuration;

¯ it simulates existing and proposed hydraulic struc-
tures such as the Delta Cross Channel and intake cul-

¯ selection of tidal and hydrologic conditions in magni- verts to Tom Paine Slough; and

tude and duration appropriate for planning studies;¯ it uses the most up-to-date descriptions of diversion
and drainage return flows in the Delta both in magni-

preparationof model representationof each pro-
posed facility, channel modification, and export oper- tude and spatial distribution.

ation; In 1987, the DWR Delta Modeling Section calibrated the
DWR/RMA Delta Hydrodynamics Model using recorded¯ Phase I Delta hydrodynamic modeling conducted to 15-minute stage data from thirty-nine monitoring sta-

evaluate the feasibility of proposed SDWMP alterna- tions for July 1 through 4, 1979. The model was verified
using data for July 5 through 30, 1979. The model was ver-tireconfigurations;

¯ selection of several alternative configurations of faci- flied in 1989 for high flows using recorded 15-minute

lities, channel modfications, and export operationsstage data from twenty-three monitoring stations for Feb-

for more detailed hydrodynamic modeling and salini-ruary 1 through 28, 1986. Most recently, this model was

ty modeling in order to assess the environmental im-verified for May 1 through 31, 1988, using recorded

pacts of alternative configurations; and 15-minute stage data from twenty-seven monitoring sta-
tions, as well as, stage, flow and velocity data from eigh-

¯ Phase II hydrodynamic and salinity modeling con-teen monitoring sites for selected days in May 1988.
ducted to assess the relative improvements and im-
pact of the alternatives selected after Phase I model-Fischer Delta Model (Version 7). The Fischer Delta Model

ing, as compared to projected no-action conditions,(version 7) was selected to simulate dissolved salt trans-

over a wide range of hydrologic conditions, port for the Delta. A schematic representation ~f the
Delta used for this model is shown in Figure C-2. The fol-

Delta Mathematical Models Used lowing attributes of this model are noteworthy:

Two computer simulation models of the Sacramento-San̄ it uses a Lagrangian solution method for dissolved

Joaquin Delta were used for evaluating the hydrodynamic salt transport which substantially reduces numerical

and salinity responses of various alternative configura- dispersion common to Eulerian solution methods;

tions. These models and important attr~utes are now de-̄ it incorporates timed exports at any specified location
scribed, as determined by the hydrodynamic model;

DWR/RMA Delta Hydrodynamics Model (1988 Version). ¯ it simulates existing and proposed hydraulic struc-
tures such as the Delta Cross Channel and intake cul-The DWR/RMA Delta HydrodynamicsModel was se-

lected to simulate water surface elevations and flow&e- verts to Tom Paine Slough; and
locity patterns in the Delta. The Delta as characterized by
the model is bounded by the communities of Sacramentō it simulates dissolved salt transport (total dissolved
on the north, Vernalis on the south, and Martinez on the solids, TDS) in the Delta up to an entire year on a
west. A schematic representation of the Delta used for 15-minute time interval.
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I
1

The hydrodynamic module of the Fischer Delta Modellow-energy tide. This was considered reasonable for the 1
(Version 7), DELFLO, was calibrated and verified by evaluation and comparison of various alternative conflgu-
Flow Science, Incorporated. In ! 987, DWR verified DEL- rations based on average water level, net flow and net ve-
FLO using recorded stage data from April 1 through 4, locity patterns in the Delta. It was also considered reason-
1972, November 5 through 6, 1976, April 3 through 4,able for the evaluation of general trends in instantaneous
1980, and April 8 through 9, 1981. In 1987, DWR re-cali-15-minute water levels, flows and velocities.
brated and re-verified the salinity transport module, 1
DELSAL With the 19-year mean, 25-hour tide at Assumptions. The boundary tide at Martinez/Benicia in

Eckley, DELSAL was re-calibrated using mean tidal day Carquinez Strait, Delta consumptive use patterns, and

salinity data (electrical conductivity converted to total dis-boundary Delta hydrologic conditions were selected to 1
solved solids) from sixteen monitoring sites for 1968 incollectively provide a representative worst-case water

conjunction with the Parameter Estimation Program.condition, making it difficult for any combination of south

DELSAL was then verified using mean tidal day salinity Delta facilities to improve Delta water conditions. It is
1

data for 1972, 1976, 1977 and 1978, and 4-day grab sampleanticipated that performance of alternative configura-

salinity data for 1931. tions of south Delta facilities would frequently be better
than those studied in the Phase I modeling. Improve- 1

Phase I Delta Modeling ments to Delta water conditions were assessed by examin- |ing improvements to water levels and flow patterns in the
Phase I modeling evaluated the feasibility of various corn-south Delta and direction of flow in the upper and lower
binations of south Delta facilities under a representativeSan Joaquin River. 1
worst-case water condition. This was accomplished bya. Boundary Tide. Fifteen minute tide data from the Marti-
simulating Delta flows, velocities, and water levels undernez/Benicia monitoring site for July 3, 1979, were used toextremesummerhydrologicconditions.Thisprocesscon- simulate a low-energy tide. This tide is presented in Fig-sisted of: 1) selecting and preparing an appropriate tide,ure C-3.
Delta channel diversion and drainage return data, and hy-
drologic conditions, 2) defining a large number of alterna-b. Delta Consumptive Use. For Delta modeling, Delta chan- l
tive south Delta configurations and operations, and 3)nel diversions and drainage return flows were estimated
evaluating the alternatives with the DWR/RMA Delta by DWR with a consumptive use analysis of 142 areas in
Hydrodynamics Model. The DWR/RMA Delta Hydrody- the Delta and a survey of current diversion siphons and
namics Model was run for one tidal cycle (25 hours) with a drainage pipes. Constant rates for channel diversions and

.;

HIGH-~I.~                  1

0 5 10 15 20 25
HOUR

Figure C-3. Phase I Modeling
Martinez/Benecia Low-Energy 25-Hour Tide, July 3, 1979 (Smoothed)

!
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drainage returns over one tidal cycle (25 hours) were usedAll components that were considered are shown in Table
for the DWR\RMA Delta Hydrodynamics Model. Delta- C-4. Each component is defined and given an identifica-
wide channel diversions, drainage returns and net chart-tion number in Table C-4.
neldepletionare presentedinTableC-2.

A large number of alternative configurations were then
c. Boundary Hydrologic Conditions. Two different Delta defined by combining various components listed in Table
hydrologic conditions were used in Phase I modeling toC-4. Every combination of SWP forebay and intake gate
characterize two SWP export levels and two CVP export location was used to define a distinct group (or series) of
strategies. These two hydrologies are reported in Tablealternatives. Each series, in turn, was evaluated with dif-
C-2 as hydrology set I and set 2. All configurations wereferent combinations of channel modifications, barrier fa-
examined at both SWP export levels, 6400 and 10,300 cfs,cilities and hydrologies. In addition, certain series include
except for the base-case configuration which was only ex-the relocation of the CVP export intake (CVP tie-in)
amined at the 6400 cfs export rate. The Sacramento Riverfrom its current location to the SWP forebay (or Italian
inflow rate was varied accordingly for each export level to Slough for Series S08, S 18 and $28). In all, 163 different
maintain a Net Delta Outflow Index of approximately configurations were simulated. These configurations are
5000 cfs. defined in Table C-5 using the six component categories

and component identification numbers presented in Tablc
d. Clifton Court Forebay Gate Operation. The operation of C-4, and the two hydrology sets defined in Table C-2.
SWP forebay intake gates for Phase I is shown at the top of Configuration S01-A, as defined in Table C-5, was used to
Table C-3. This operation was designed to 1) take watercharacterize existing conditions in the Delta. This config-
into the SWP forebay after the peak of the high-high tide uration is the base-casedesignatedas configuration.
and through the low-high tide and 2) discontinue forebayModel results of all other configurations were evaluated
inflow during the low-low tide and high-low tide. To sim- in relation to the model results of the base-case configu-
ulate the tide at each intake gate location, the DWR/ration.
RMA Delta Hydrodynamics Model was run without SWP
exports. The resulting tide stages at the different forebayPhase I Modeling Results. DWR/RMA Delta Hydrody-
intake gate locations are presented in the center panel ofnamics Model simulations were conducted with the tide
Table C-3. The gate operations were then determined byand hydrology data mentioned above, for each South Del-
using the Phase I gate operation in conjunction with theta configuration displayed in Table C-5. Model results in-
simulated tide at each location. The resulting gate opera-clude minimum, mean and maximum tidal cycle water
tions are presented at the bottom of Table C-3. surface elevations; minimum, maximum and net tidal

cycle velocities and flows; and 15-minute stages, veloci-
e. South Delta Configurations of Facilities. Alternative ties and flows over the 25-hour simulation period.
south Delta configurations evaluated in Phase I modeling
were comprised of different combinations of existing andModel results for each of the 163 configuratior~s were
proposed facilities, channel modifications and export op-presented graphically to expedite the comparative evalua-
erations. These alternative configurations were gener-tion of many simulations. For each configuration, the fol-
ated with different combinations of the following six corn- lowing graphical displays were generated and analyzed:
ponents:

1. Net Tidal Cycle Flows in the North Delta,
¯ SWP forebay size,

2. Net Tidal Cycle Flows in the South Delta,
¯ SWP forebay intake gate location,

3. Net Tidal Cycle Velocities in the South Delta,
SWP forebay intake capacity,

4. Net Change in South Delta Net Tidal Cycle Flows
¯ CVP export location, With Respect to the base-case condition,

¯ Channel modifications (dredging and/or enlarge-5. Net Change in South Delta Net Tidal Cycle Veloci-
ment), ties With Respect to the base-case condition,

¯ Hydraulic structures and barrier facilities. 6. Water Surface Elevation Profiles at 18 locations
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TABLE C-2
PHASE I MODELING

TIDE, DEPLETION AND HYDROLOGY DATA

TIDE BOUNDARY CONDITION

25-hour low energy tide at Martinez/Benicia consisting of 15-minute tide data observed during July 3
and the first hour of July 4, 1979. The observed tide data were smoothed to remove minor,
short-duration oscillations.

DELTA NET CHANNEL DEPLETIONS

Estimates of historic July 1979 diversion and drainage return data were modified to include additional
net channel depletions from the crescent of Middle River (between its head and Victoria Cut) and Tom
Paine Slough. Estimates of historic July 1979 were determined using a consumptive use analysis of
142 areas (islands) in the Delta (DWR Delta island consumptive use study, 1987, unpublished), and the
1987 DWR field survey of current diversion siphons and drainage pipes. These values are:

Diversion Drainage Net CD
(cfs)    6159 1626 4533

Net Channel Depletion (CD) is defined as Diversion minus Drainage. For model simulations, diversions
and drainage returns were allocated to appropriate model nodes.

DELTA HYDROLOGY BOUNDARY CONDITIONS

RIM INFLOWS (cubic feet per second) SET 1 SET 2

Sacramento River at Sacramento 19252 23152
San Joaquin River at Vernalis 1100 1100
Calaveras River 10 10
Cosumnes + Mokelumne Rivers 388 388

+ Dry Creek

RIM EXPORTS (cubic feet per second)

SWP Banks Pumping Plant 6400 10300
CVP Tracy Pumping Plant 4600 4600
Contra Costa Canal 217 217

For CVP export tie-in, the Tracy Pumping Plant export is taken from the SWP foreba~,.

NET DELTA OUTFLOW INDEX

The net Delta outflow index is determined by subtracting the sum of all exports and net channel
depletions from the sum of all rim inflows. The net Delta outflow index for the selected hydrologies is
5000 cfs.
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TABLE C-3
PHASE I MODELING

SWP FOREBAY GATE OPERATION SCHEDULE

PHASE I GATE OPERATION

GATE OPERATION TIMING
OPEN 1 HOUR AFTER HIGH-HIGH TIDE
CLOSE 1 HOUR BEFORE HIGH-LOW TIDE
OPEN 1 HOUR AFTER HIGH-LOW TIDE
CLOSE 2 HOURS BEFORE LOW-LOW TIDE

TIDES AT FOREBAY INTAKE LOCATIONS WITHOUT SWP EXPORTS
WITH JULY 3, 1979 MARTINEZ TIDE

0                  5                  10      HOUR     15                 20                 25
~l-Middle R at Woodward Canal ..... 4-Middle R at Victoria Cut

-- -2-Old R at Woodward Canal ..... 5-Old R at Victoria Cut

-- -- -3-Old R at Highway 4 -- - -6-Old R @ West Canal (existing intake)

GATE OPERATION SCHEDULE

MODEL TIMI~ IN HOURS
LOCATION NODE OPEN CLOSE OPEN CLOSE

1 1 1 7 1.25 6.75 8.75 1.6.50
2 82 1.25 6.75 8.75 16.50
3 79 1.50 7.00 9.00 16.75
4 1 13 1.75 7.00 9.00 16.75
5 75 2.00 7.25 9.25 17.00
6 72 2.25 7.25 9.25 17.00
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TABLE C-4
PHASE I MODELING

CONFIGURATION COMPONENTS

SWP FOREBAY

1 Existing Clifton Court Forebay (2100 acres); export pumping from Clifton Court.

2 Modified forebay consisting of a portion of Byron Tract along Old River to Highway 4 (1400
acres), Coney Island (900 acres), and enlarged Clifton Court Forebay (2700 acres); siphons with
flap gates connecting Byron Tract and Coney Island Forebays to Clifton Court; export pumping
from Clifton Court.

3 Modified forebay consisting of a portion of Byron Tract along Old River to North Victoria-
Woodward Canals (2900 acres) and the existing Clifton Court Forebay (2100 acres); siphons with
flap gates connecting Byron Tract Forebay to Clifton Court Forebay; export pumping from Clifton
Court Forebay.

4 Modified forebay consisting of the northern portion of Victoria Island (2400 acres), a portion of
Byron Tract along Old River (500 acres), and the existing Clifton Court Forebay (2100 acres);
siphons with flap gates connecting Victoria Island Forebay to Byron Tract Forebay and Byron
Tract Forebay to Clifton Court Forebay; export pumping for Clifton Court Forebay.

5 Modified forebay consisting of the northwestern portion of Union Island (1400 acres), Coney
Island (900 acres), and enlarged Clifton Court Forebay (2700 acres); siphons with flap gates
connecting Union Island Forebay to Coney Island Forebay and Coney Island Forebay to Clifton Court
Forebay; export pumping from Clifton Court Forebay.

SWP FOREBAY INTAKE LOCATION

1 Existing intake gates to Clifton Court Forabay located on West Canal at the southern confluence
with Old River.

2 Intake gates to Clifton Court Forebay located on Old River at Victoria-North Canals.

3 intake gates to Byron Tract Forebay located on Old River at Highway 4.

4 Intake gates to Byron Tract Forebay located on Old River at North Victoria-Woodward Canals.

5 Intake gates to Victoria Island Forebay located on Old River at North Victoria-Woodward Canals.

6 Intake gates to Victoria Island Forebay located on Middle River at North Victoria-Woodward
Canals.

7 Intake gates to Union Island Forebay located on Middle River at Victoria-North Canals.

SWP FOREBAY INTAKE CAPACITY

1 Existing maximum forebay intake rate of 15,000 cfs.

2 Increased maximum forebay intake rate to 30,000 cfs.
I

3 No restriction on forebay intake rate.
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TABLE C-4 (Continued)

CVP EXPORT LOCATION

1 Existing CVP export operation; Tracy Pumping Plant exports from the Delta-Mendota Canal.

2 Modified CVP export operation; Tracy Pumping Plant export taken directly from Clifton Court
Forebay.

CHANNEL MODIFICATIONS

I None.

2 ~ncrease combined cross-sectional area of Victoria-North Canals to 7200 sq ft.

3 Increase combined cross-sectional area of North Victoria-Woodward Canals to 7200 sq ft.

4 Increase Middle River cross-sectional area to 7200 sq ft between Victoria-North Canals and the
Topeka-Santa Fe Railroad.

5 Increase Middle River cross-sectional area to 7200 sq ft between North Victoria-Woodward
Canals and the Topeka-Santa Fe Railroad.

6 Increase Middle River cross-sectional area to 7200 sq ft between Victoria-North Canals and
North Victoria-Woodward Canals.

7 Increase Middle River cross-sectional area to 1500 sq ft from the Head of Middle River to
approximately 3 miles upstream of Victoria-North Canals.

8 Dredge Old River to minus 10 feet NGVD between Sugar Cut and approximately 1.75 miles
upstream of the Delta-Mendota Canal.

9 Increase Old River cross-sectional area to 1500 sq ft where needed between Sugar Cut and 1.75
miles upstream of the Delta-Mendota Canal.

10 Increase Italian Slough cross-sectional area to 7200 sq ft.

HYDRAULIC STRUCTURES AND BARRIER FACILITIES

1 Existing hydraulic structures and barrier facilities used for all configurations:

A) Full tide barrier on Sandmound Slough near Rock Slough - only downstream flow.
B) 2 box culverts with flap gates at Tom Paine Slough intake - only flow into Tom Paine SI.
C) 4 pipe siphons with flap gates at Tom Paine Slough intake - only flow into Tom Paine SI,

2 Partial tide barrier on Old River approximately 1/2 mile upstream of the Delta-Mendota Canal
intake - constricted downstream flow.

3 Partial tide barrier on Grantline Canal approximately 1/2 mile east of Old River - restricted
westward flow.

4 Full barrier on Middle River approximately 1/2 mile upstream of Victoria-North Canals -tide
only upstream flow.

5 Full tide barrier on Old River approximately 1/2 mile upstream of the Delta-Mendota Canal intake -
only upstream flow.

6 Full tide barrier on Old River approximately 1/2 mile downstream of Head - only flow into the
San Joaquin River.
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TABLE C-5
PHASE ! MODELING

SOUTH DELTA ALTERNATIVE CONFIGURATIONS
ID SERIES SWP INTAKE INTAKE CVP EXPORT CHANNEL STRUCTURES HYDROLOGY

NUMBER ID FOREBAY LOCATION CAPACITY LOCATION MOOfFICATION & BARRIERS SET NO.

1 S01 -A 1 1 1 1 1 1 1
2 S01 -B 1 1 1 1 1 1,2,3,4 1
3 SO 1 -(3 1 1 1 1 2,4 1 1
4 SO1 -D 1 1 1 1 2,4 1,2,3,4 1
5 SO 1 -E 1 1 1 1 2,4 1,3,4 1
6 SO 1 -F 1 ! 1 1 1 1,5,6 1
7 SO1 -(3 1 1 1 1 2,4 1,4,5 1
8 SO1-H 1 1 1 1 2,4 1,3,4,5 1
9 SO1 -I 1 1 1 1 2,4 1,4,5,6 1

10 SO2-B 1 2 1 1 1 1 1
11 S02~3 1 2 1 1 2,4 1 1
12 S02-D 1 2 1 1 2,4 1,4,5 1
13 SO2-E 1 2 1 1 2,4 1,3,4,5 1
14 S02-F 1 2 1 1 2,4 1,4,5,6 1

15 $12-B 1 2 2 1 2,4 1 2
16 $12-C 1 2 2 1 2,4 1,4,5 2
17 S12-D 1 2 2 1 2,4 1,3,4,5 2
18 $12-E 1 2 2 1 2,4 1,4,5,6 2

19 S22-B 1 2 3 2 2,4 1 2
20 S22-C 1 2 3 2 2,4 1,4,5 2
2! $22-D 1 2 3 2 2,4 1,3,4,5 2
22 S22-E 1 2 3 2 2,4 1,4,5,6 2
23 $22-F 1 2 3 2 2,4 1,4 2
24 $22-G 1 2 3 2 2,4 1,4,6 2

25 SO3-B 2 3 2 1 3,5 1 1
26 SO3-C 2 3 2 1 3,5 1,4,5 1
27 SO3-D 2 3 2 1 3,5 1,3,4,5 1
28 SO3-E 2 3 2 1 3,5 1,4,5,6 1
29 SO3-F 2 3 2 1 3,8 1 1
30 SO3-G 2 3 2 1 3,8 1,4,5 1
31 S03-H 2 3 2 1 3,8 1,3,4,5 1
32 S03-1 2 3 2 1 3,8 1,4,5,6 1
33 SO3-J 2 3 2 1 3,8 1,3,4,5,6 1

34 $13-B 2 3 2 1 3,5 1 2
35 $13-C 2 3 2 1 3,5 1,4,5 2
36 $13-D 2 3 2 1 3,5 1,3,4,5 2
37 $13-E 2 3 2 1 3,5 1,4,5,6 2
38 S13-F 2 3 2 1 3,8 1 2
39 $13.-G 2 3 2 1 3,8 1,4,5 2
40 $13-H 2 3 2 1 3,8 1,3,4,5 2
41 $13-1 2 3 2 1 3,8 1,4,5,6 2
42 $13.,J 2 3 2 1 3,8 1,3,4,5,6 2

43 $23-B 2 3 3 2 3,5 1 2
44 $23-C 2 3 3 2 3,5 1,4,5 2
45 $23-D 2 3 3 2 3,5 1,3,4,5 2
46 $23-E 2 3 3 2 3,5 1,4,5,6 2
47 S23-F 2 3 3 2 3,5 1,4 2
48 $23-G 2 3 3 2 3,5 1,4,6 2
49 $23-H 2 3 3 2 3,8 1 2
50 $23-1 2 3 3 2 3,8 1,4,5 2
51 $23-J 2 3 3 2 3,8 1,3,4,5 2
52 $23-K 2 3 3 2 3,8 1,4,5,6 2
53 $2’3-L 2 3 3 2 3,8 1,4 2
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TABLE C-5 (¢on’t)
ID 8ERIES SWP INTAKE INTAKE CVP EXPORT CHANNEL STRUCTURES HYDROLOGY

NUMBER ID FOREBAY LOCATION CAPACITY LOCATION MODWICATION & BARRIERS SET NO.

56 S04-B 3 4 2 1 3,5 1 1
57 S04-C ’ 3 4 2 1 3,5 1,4,5 1
58 S04-D 3 4 2 1 3,5 1,3,4,5 1
59 S04-E 3 4 2 1 3,5 1,4,5,6 1
60 S04-F 3 4 2 1 3,8 1 1
61 S04-G 3 4 2 1 3,8 1,4,5 1
62 S04-H 3 4 2 1 3,8 1,3,4,5 1
63 S04-1 3 4 2 1 3,8 1,4,5,6 1

64 S04-J 3 4 2 1 3,8 1,3,4,5,6 1
65 S04-K 3 4 2 1 3,7,9 1,3,4,5 1

66 S14-B 3 4 2 1 3,5 1 2
67 $14-(3 3 4 2 1 3,5 1,4,5 2
68" $14-0 3 4 2 1 3,5 1,3,4,5 2
69 $14-E 3 4 2 1 3,5 1,4,5,6 2
70 $14-F 3 4 2 1 3,8 1 2
71 $14-G 3 4 2 1 3,8 1,4,5 2
72 Sl 4-H 3 4 2 1 3,8 1,3,4,5 2
73 $14-1 3 4 2 1 3,8 1,4,5,6 2

74 $14-J 3 4 2 1 3,8 1,3,4,5,6 2
75 $14-K 3 4 2 1 3,7,9 1,3,4,5 2

76 $24-B 3 4 3 2 3,5 1 2
77 $24-C 3 4 3 2 3,5 1,4,5 2
78 $24-D 3 4 3 2 3,5 1,3,4,5 2
79 S24-E 3 4 3 2 3,5 1,4,5,6 2
80 $24-F 3 4 3 2 3,5 1,4 2
81 $24-G 3 4 3 2 3,5 1,4,6 2
82 $24-H 3 4 3 2 3,8 1 2
83 $24-1 3 4 3 2 3,8 1,4,5 2
84 $24-J 3 4 3 2 3,8 1,3,4,5 2
85 $24-K 3 4 3 2 3,8 1,4,5,6 2
86 $24-L 3 4 3 2 3,8 1,4 2
87 S24-M 3 4 3 2 3,8 1,4,6 2
88 $24-N 3 4 3 2 3,8 1,3,4,5,6 2
89 $24-O 3 4 3 2 3,7,9 1,3,4,5 2

90 S05-B 4 5,6 2 1 5 1 1
91 S05-C 4 5,6 2 1 5 1,4,5 1
92 S05-D 4 5,6 2 1 5 1,3,4,5 1
93 S05-E 4 5,6 2 1 5 1,4,5,6 1
94 S05-F 4 5,6 2 1 5,7,8 1 1
95 S05-G 4 5,6 2 1 5,7,8 1,4,5 1
96 S05-H 4 5,6 2 1 5,7,8 1,3,4,5 1
97 S05-1 4 5,6 2 1 5,7,8 1,4,5,6 1

98 $15-B 4 5,6 2 1 5 1 2
99 S 15--C 4 5,6 2 1 5 1,4,5 2
100 S15-D 4 5,6 2 1 5 1,3,4,5 2
101 SlS-E 4 5,6 2 1 5 1,4,5,6 2
102 S15-F 4 5,6 2 1 5,7,8 1 2
103 $15-G 4 5,6 2 1 5,7,8 1,4,5 2
104 $15-H 4 5,6 2 1 5,7,8 1,3,4,5 2
105 $15-1 4 5,6 2 1 5,7,8 1,4,5,6 2

106 S25-B 4 5,6 3 2 5 1 2
107 S25-C 4 5,6 3 2 5 1,4,5 2
108 $25-D 4 5,6 3 2 5 1,3,4,5 2
109 S25-E 4 5,6 3 2 5 1,4,5,6 2
110 $25-F 4 5,6 3 2 5 1,4 2
111 S25-G 4 5,6 3 2 5 1,4,6 2
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TABLE C-5 (con’t)
Ig 6F..RfES SWP iN]’AKE INTAKE CYP EXPORT CHANNEL STRUCTURES HYDROLOGY

NUMBER ID FOREBAY LOCATION CAPACITY LOCATION MODIFICATION & BARRIERS SET NO.

112 $25-H 4 5,6 3 2 5,7,8 1 2
113 $25-| 4 5,6 3 2 5,7,8 1,4,5 2
114 S25-J 4 5,6 3 2 5,7,8 1,3,4,5 2
115 $25-K 4 5,6 3 2 5,7,8 1,4,5,6 2
116 $25-L 4 5,6 3 2 5,7,8 1,4 2
117 $25-M 4 5,6 3 2 5,7,8 1,4,6 2

118 S06-B 5 7 2 1 4 1 1
119 S06-C 5 7 2 1 4 1,4,5 1
120 S06-D 5 7 2 1 4 1,3,4,5 1
121 S06-E 5 7 2 1 4 1,4,5,6 1

122 $16-B 5 7 2 1 4 1 2
123 $16-(3 5 7 2 1 4 1,4,5 2
124 $16-D 5 7 2 1 4 1,3,4,5 2
125 $16-E 5 7 2 1 4 1,4,5,6 2

12~ $26-B 5 7 3 2 4 1 2
127 $26-C 5 7 3 2 4 1,4,5 2
128 $26-D 5 7 3 2 4 1,3,4,5 2
129 S26-E 5 7 3 2 4 1,4,5,6 2
130 $26-F 5 7 3 2 4 1,4 2
131 $26-G 5 7 3 2 4 1,4,6 2

132 S07-B 4 6 2 1 5 1 " 1
133 S07-C 4 6 2 1 5 1,4,5 1
134 S07-D 4 6 2 1 5 1,3,4,5 1
135 S07-E 4 6 2 1 5 1,4,5,6 1

136 $17-B 4 6 2 1 5 1 2
137 $17-C 4 6 2 1 5 1,4,5 2
138 $17-D 4 6 2 1 5 1,3,4,5 2
139 $17-E 4 6 2 1 5 1,4,5,6 2

140 $27-B 4 6 3 2 5 1 2
141 $27-C 4 6 3 2 5 1,4,5 2
142 $27-D 4 6 3 2 5 1,3,4,5 2
143 $27-E 4 6 3 2 5 1,4,5,6 2
144 $27-F 4 6 3 2 5 1,4 2
145 $27-G 4 6 3 2 5 1,4,6 2

146 S08-B NONE 1 2,6,10 1 1
147 S08-0 NONE 1 2,6,10 1,4,5 1
148 S08-D NONE 1 2,6,10 1,3,4,5 1
149 S08-E NONE 1 2,6,10 1,4,5,6 1
150 S08-F NONE 1 2,6,10 1,2,3,4 I
151 S08-G NONE 1 2,6,10 1,3,4 1
152 S08-H NONE 1 2,6,10 1,5,6 1

153 $18-B NONE 1 2,6,10 1 2
154 $18-C NONE 1 2,6,10 1,4,5 2
155 S 18-D NONE 1 2,6,10 1,3,4,5 2
156 S18-E NONE 1 2,6,10 1,4,5,6 2

157 $28-B NONE 2* 2,6,10 1 2
158 $28-C NONE 2* 2,6,10 1,4,5 2
159 $28-D NONE 2* 2,6,10 1,3,4,5 2
160 $28-E NONE 2* 2,6,10 1,4,5,6 2
161 $28-F NONE 2* 2,6,10 1,4 2
162 $28-G NONE~ 2* 2,6,10 1,4,6 2
163 S28-H NONE 2* 2,6,10 1,3,4,5,6 2

¯ CVP export from Italian Slough
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SOUTH 0ELTA WATER MANAGEMENT PLANNING SOUTH OELTA WATER MANAGEMENT PLANNING

FLOW PROFILES FOR R~ SOL~ FL~W PROFILES FOR R~

$O~TH C~_TA WATE~ MANA~EM[NT PLANNIN~

PHASE I MODELING
SAMPLE FLOW PROFILES
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SOUTH OELT~ WATER MANAGEMENTPLANNING SOUTH OELTA WATER MANAGEMENTPLANNING
SASE RUN                                                                                                  BASE RUN

,F ~, ,

SOUTH DELT~ WATER MANAGEMENT PLANNING

....................,    ,    ,...., ...., ,...., .... ,. , .~T

.................................. ~ ....... FIGURE C-7
PHASE I MODELING

~~
SAMPLE VELOCITY PROFILES
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7. Flow Profiles at 18 locations, and wide range of Delta net channel depletions and hydrolog-
ic conditions, 2) evaluating the mean monthly hydrody-

8, Velocity Profiles at 18 locatton~, namic responses of the no-action and eight alternative
configurations reported in Table C-6 with the DWR/

As examples, Figure C-4 displays items 1 through 5 andRMA Delta Model, and 3) evaluating theHydrodynamics
Figures C-5, C--6 and C-7 display items 6, 7, and 8 respec-mean tidal daily salinity response.s of the alternatives with
tively for the base--case configuration. The eighteen loca-the Fischer Delta Model (Version 7).
tions presented in items 6 through 8 are important loca-
tions with respect to alternative forebays and barrierAssumptions. Aboundary tide at Martinez/Benicia in Car-
facilities. The DWR/RMADeltaHydrodynamicsModel quinez Strait, Delta consumptive use patterns, and
node numbers are listed in Figure C-5 (e.g., N-117) forboundary Delta hydrologic conditions were prepared so
the stage elevation reporting locations, and the modelthat a wide range of representative hydrodynamic and sa-
channel numbers are listed in Figures C-6 and C-7 (e.g.,linity conditions in the Delta could be simulated for each
C-139) for the flow and velocity reporting locations (see alternative configuration of south Delta facilities. Opera-
Figure C-1 for model map). tion of Clifton Court Forebay and proposed barriers in the

Delta were also established.
Selection Of PhaseII Alternative Configurations

Monthly average Delta hydrodynamic conditions were
For Phase I modeling, many configurations significantlysimulated by running the DWR/RMA Delta Hydrody-
improved water surface elevations, flow patterns for fish namics Model for one tidal cycle (25 hours) for each
protection, and scour velocities, when compared to themonth. This was considered reasonable for the evaluation
base-case condition. However, Phase I modelingconfigu-and comparison of various alternative configurations
rations with different forebay intake gate locations andbased on monthly average and minimum water levels,
the CVP export tie-in produced significantly different monthly net flow and net velocity patterns in the Delta.
flow patterns in the south and interior Delta. Since net
flow patterns help determine salinity patterns, it was an-a. Boundary Tide. The 19-year mean, 25-hour tide at
ticipated that alternative configurations might significant-Martinez/Benicia was used to simulate mean monthly
ly vary in the degree of improvement to Delta water quali- conditions. This tide is shown in Figure C-9.
ty. Changes in water levels, scouring potential, water
circulation and related possible water quality patternsb. Boundary Salinity. Daily average salinity at Eckley in
were examined with respect to forebay intake location,Carquinez Strait was generated by DWR’s model, SAL-
CVP export tie-in, and barrier-type facilities. This pro- DIF (version 2). This model predicts the salinity at Beni-
cess was used in selecting configurations for study incia given the Net Delta Outflow Index. A regression be-
Phase II modeling for the range of variations of these fac- tween the salinity at Benicia and Eckley was then used to
tots. establish the salinity at Eckley. Monthly average Net Del-

ta Outflow Indexes were derived from the same operation
For Phase II Delta modeling, four alternative configura-studies (340B and 327B) that yielded the corresponding
tions were selected with significantly different forebay in- Delta hydrologies.
take locations. In addition, each of these four alternatives
were evaluated with and without the CVP export tie-in, c. Delta Consumptive Use. Estimates of monthly internal
resulting in eight different configurations. These eight al-Delta channel diversions and drainage returns are based
ternatives, and the configuration representing existingon the DWR Delta island consumptive use study (1987)
Delta conditions (designated as the no-action alternative)and the DWR field survey of diversion and drainage re-
are summarized in Table C-6 and Figure C-8. turn locations (1987). For Delta modeling, these flows

were allocated to appropriate model nodes and then var-
Phase II Delta Modeling ied monthly. The quality (TDS) of Delta agricultural

drainage return flows is input for the Fischer Delta Mod-
Phase II modeling generated the information to assist theel. These values, taken from DWR Bulletin 123 (Delta and
evaluation of environmental impacts of alternative corn-Suisun Bay Water Quality Investigation, August 1967), vary
binations of south Delta facilities. This was accomplishedby month and by Delta region (i.e., west, north, and south-
by 1) selecting and preparing an appropriate tide and aeast Delta). For any given month and Delta location, the
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I
FIGURE C-8

PHASE II MODELING
,ISOUTN DELTA WATER MANAGEMENT PROGRAM ALTERNATIVES

NO ~CT~N ALT~P~ATWE

~GEND

~ F~E~Y

0 P~I~ TIDE B~RIER
I FU~ TI~ ~IER

x x CH~NEL IMP~VEME~

~ N~ERN INT~E W~ B~IER C~FIGU~TI~ A ~ ~ NO~HE~ I~E WffH CVP TIE-IN
~D B~RIER ~NF~URATION A I

NORTHERN INTAKE WITH BARRIER CONFIGURATION B    <    ~         NORTHERNAND BARRIERINTAKECONFIGURATIoNWITH CVP TIE-INB

ENLARGED FOREBAY WITH CVP TIE-IN-
NORTH V~TOF~IA INTAKE WITH                                                                                NORTH VICTONIA INT/~E WITH

s~/ s,.~
~ ENLARC-:-:-~D FOREBAY - ~’ ENLARGED FOREBAY WITH CVP TIE-IN
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I
TABLE C-6

I PHASE II MODELING
ALTERNATIVE SOUTH DELTA CONFIGURATIONS

FOREBAY INTAKE CVP EXPORT FACI LITY
ALTERNATIVE FOREBAY LOCATION DREDGING OPERATION CONFIG*

NO ACTION EXISTING EXISTING NO EXISTING NO ACTION

(BASE CASE)

1 EXISTING MIDDLE RIVER AT YES EXISTING A
VICTORIA CUT

2 EXISTING MIDDLE RIVER AT YES EXISTING B
VICTORIA CUT

3 VICTORIA ISLAND + MIDDLE RIVER AT YES EXISTING B
BYRON TRACT + WOODWARD CUT/
CLIFTON COURT N. VICTORIA CUT

4 BYRON TRACT + OLD RIVER YES EXISTING B
CONEY ISLAND + AT HWY 4
CLIFTON COURT

5 EXISTING MIDDLE RIVER AT YES CVP TIE-IN** A
VICTORIA CUT

6 EXISTING MIDDLE RIVER AT YES CVP TIE-IN** B
VICTORIA CUT

7 VICTORIA ISLAND + MIDDLE RIVER AT YES CVP TIE-IN** B
BYRON TRACT + WOODWARD CUT/
CLIFTON COURT N. VICTORIA CUT

8 BYRON TRACT + OLD RIVER YES CVP TIE-IN** B
CONEY ISLAND + AT HWY 4
CLIFTON COURT

* See Tables C-9, C-10 & C-11 for Facilities description.
** With the CVP export tie-in, Tracy Pumping Plant exports are taken from the SWP forebay.

301

C--041 544
C-041544



I

i ! ! LOW-LOW
-3 0 5 10 15 20 25

HOUR

Figure C-9. Phase II Modeling 1
Martinez/Benecia 19-Year Mean 25-Hour Tide

quality (TDS) ofagricultural return flows is assumed tobe e. Clifton CourtForebay Gate Operation. The operation of 1
the same for each year in Delta salinity simulations. SWP forebay intake gates was determined using the Phase

II modeling forebay intake gate operation strategy pres-
d. Boundary Hydrologic Conditions. Delta hydrology data entedatthetopofTableC-8. This gate operation was de-
were derived from the two statewide operation model signed to 1) take water into the SWP forebay through the 1
(DWRSIM) studies, 340B and 327B, discussed in the sec-peak of the high-high tide and through the low-high tide 1
tion, "Operation Studies." These studies providedand 2) discontinue forebay inflow during the low-low tide
monthly Delta inflows, exports, and net Delta outflowsand high-low tide. As in Phase I modeling, the tide at 1
over a 57-year study period reflecting the components in each intake gate location was simulated with the DWR/ 1
the SDWMP (i.e. South Delta Facilities, Los Banos RMA Delta Hydrodynamics Model run without SWP ex-
Grandes Reservoir, and Kern Water Bank). In Phase II ports. The resulting tides at the different intake gate loca-
modeling, Delta hydrology was changed once per monthtions are presented in the center panel of Table C-8. The
to evaluate and compare various alternative configura-gate operations were then determined by using the Phase
tions based on seasonal Delta channel salinity patterns.II modeling gate operation pattern in conjunction with the 1

simulated tide at each location. The resulting gate opera- 1Five different water years were selected from each opera- tions are presented at the bottom of Table C-8.
tion study to represent each of the five water year types

1
defined in Decision 1485.The selected water years were f. ChannelModifications. Channel geometry in the Fischer 1
determined with consultation with DFG and are: 1964 asDelta Model was modified, when necessary, based on the 1

the representative dry water year, 1972 as the representa-relative change in flow patterns observed in the DWR/
tive below normal water year, 1975 as the representative RMA Delta Hydrodynamics Model simulation for the al- 1
above normal water year, 1976 as the representative criti-ternative of interest with respect to the no-action alterna-
cal water year, and 1978 as the representative wet waterrive.
year. The monthly hydrologies for these water years are 1
reported in Table C-7. For alternatives with the CVP ex- g. South Delta Alternatives Configurations. The no-action
port tie-in, CVP Tracy Pumping Plant exports reported in and eight alternative configurations selected for Phase II
Table C-7 were taken from the SWP forebay. The Delta modeling are depicted in Figure C-8. The forebay config- 1
hydrologies defined for these water years represent theuration, forebay intake location, channel modifications 1
historic hydrology adjusted to a future level of water de- and CVP export operation remain the same for each al-
mand and development, ternative. The operation of existing and proposed hydrau-

1
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lic structures and barrier facilities were varied from a. Sample Graphical Presentations. Model results were
month to ~orittl and for different water year types in opti- presented graphically on Delta schematic maps to show
mum consideration of agricultural, fisheries, and floodrepresentative net monthly flows and mean monthly sa-
control needs. Three sets of monthly barrier operationslinity conditions for each alternative for comparative eval-
were defined. The first set, presented in Table C-9, is des-uations. For each alternative, the following graphical dis-
ignated as the No-Action Facility Configuration and wasplays were generated and analyzed:
used only with the no-action alternative. The second set,
designated as Facility Configuration A, includes a barrier̄ Monthly net flows in the south Delta,

facility on Old River at Head, but no barrier on Grant
Line Canal, as described in Table C-10. The third set, des-

¯ Monthly net flows in the north Delta,

ignated as Facility Configuration B, includes a barrier fa-̄ Monthly average total dissolved solids and net flows
cility on Grant Line Canal, but no barrier on Old River at for the Delta.
Head, as reported in Table C-11.

Examples of modeling results of monthly net flows in the
For each of the nine configurations presented in Tablesouth and north Delta are displayed in Figures C-10 and
C-6, 60 hydrodynamic model simulations were made withC-11. An example of the modeling results of monthly av-
both the DWR/RMA Delta Hydrodynamics Model and erage total dissolved solids and net flows in the Delta is

the Fischer Delta Model (Version 7). These simulationsshown in Figure C-12.
were made with the tide, channel depletion and hydrology

b. Summary Tables and Figures. Tables C-12, C-13, anddata described above to represent mean monthly hydrody-
namic conditions for the five selected water years. Initial C-14 show the simulated monthly average salinity at De-

cision 1485 standards locations. Model results for each ofhydrodynamic and salinity conditions in the Delta for each
water year were based on model simulation results for thethe five representative water years and for each of the

preceding month (i.e., September). eight alternative configurations of south Delta facilities
and the no-action alternative are presented. The monthly
average salinities at Jersey Point in June and July of the

The evaluation of changes in hydrodynamic conditionsrepresentative critical year have been adjusted for the al-
were based on results from the DWR/RMA Delta Hydro- ternatives: No-Action, Northern Intake-Barrier Config-
dynamics Model, while the Fischer Delta Model hydrody-uration A, and Northern Intake-Barrier Configuration A

with CVP tie-in, in order to comply with Decision 1485namicrunswereusedasinputforsubsequentwaterquali-
ty simulations, agricultural standards. To accomplish this, additional Sac-

ramento River flows of about 39 TAF in both June and
July of the representative critical would be requiredFive-year-longsalinity model simulationswere made year

with the Fischer Delta Model for each alternative, for these three alternatives.

Tables C-15, C-16, C-17, and C-18 show the impact of the
Phase II Modeling Results. Phase II modeling provided eight alternative configurations of south Delta facilities
15-minute water levels, velocities, and flows, as well asupon average and minimum water levels in the south Del-
tidal daily average, minimum, and maximum surface sa-ta, when compared to the no-action alternative. Model
linity as total dissolved solids, throughout the Delta. Theresults for all five representative wateryears are included.
analysis for environmental impacts of south Delta facili-
ties were based on the monthly averages for daily maxi-
mum, minimum, and average water levels, net flows, andTable C- 19 summarizes the impact of the eight alternative
velocities, as well as monthly average total dissolved solidssouth Delta configurations on the monthly average salini-
throughout the Delta. ty in the south Delta, when compared to the no-action al-
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!TABLE C-7
PHASE II MODELING

DWRSIM HYDROLOGY
!MEAN MONTHLY FLOWS IN CFS
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I TABLE C-8
PHASE II MODELING

SWP FOREBAY GATE OPERATION SCHEDULE

PHASE II GATE OPERATION

GATE OPERATION TIMING
OPEN 1 HOUR BEFORE HIGH-HIGH TIDE
CLOSE 2 HOURS BEFORE LOW-LOW TIDE
OPEN 1 HOUR AFTER LOW-LOW TIDEI CLOSE 1 HOUR BEFORE HIGH-LOW TIDE

i TIDES AT FOREBAY INTAKE LOCATIONS WITHOUT SWP EXPORTS
WITH 19-YEAR MEAN 25-HOUR MARTINEZ TIDE

I    -’ ...................................... i ......................................... ........................... ........................................................................
-2 .... i .... ~ ~    ,    ~ i    ~    ,    ,    ,    I    ~    ~    ~

0 5 10 HOUR 15 20 ~5
--1-Middle R at Woodward Canal ..... 4-Middle R at Victoria Cut

I -- -2-Old R at Woodward Canal ..... 5-Old R at Victoria Cut
-- -- -3-Old R at H ghway 4 -- - -6-Old R @ West Canal (existing intake)

i GATE OPERATION SCHEDULE

MODEL TIME IN HOURSI CLOSE OPEN CLOSELOCATION NODE OPEN
1 117 5 00 12 25 15.25 24.25
2 82 5 00 12 25 15.25 24.25

I 3 79 5 25 12 50 15.50 24.50
4 113 5 50 12 50 15.50 24.50
5 75 5 75 12 75 15.75 24.75

I 6 72 6 00 13 00 16.00 25.00
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I
TABLE C-9

PHASE II MODEUNG
FACILITIES OPERATION FOR NO-ACTION CONFIGURATION

BASE FACILITY* NEW FACILITY
MON1]~ DXC MSCS TPS MRF ORDF ORHF

DRY WATER YEAR (1964)
OCT OPEN OPERATING
NOV OPEN OPERATING
DEC OPEN OPERATING
JAN CLOSED OPERATING
FEB OPEN OPERATING
MAR OPEN OPERATING
APR OPEN OPERATING
MAY OPEN OPERATING
JUN OPEN NOT OPERATING
JUL OPEN NOT OPERATING
AUG OPEN NOT OPERATING
SEP OPEN NOT OPERATING

B ELOW NORMAL WATER YEAR (1972)
OCT OPEN OPERATING
NOV OPEN OPERATING
DEC OPEN OPERATING
JAN CLOSED OPERATING
FEB CLOSED OPERATING
MAR CLOSED NOT OPERATING
APR OPEN OPERATING
MAY OPEN OPERATING
JUN OPEN NOT OPERATING
JUL OPEN NOT OPERATING
AUG OPEN NOT OPERATING
SEP OPEN NOT OPERATING

ABOVE NORMAL WATER YEAR (1975)
OCT OPEN OPERATING
NOV OPEN OPERATING
DEC OPEN OPERATING
JAN OPEN OPERATING
FEB CLOSED NOT OPERATING
MAR CLOSED NOT OPERATING
APR CLOSED NOT OPERATING
MAY CLOSED NOT OPERATING
JUN OPEN NOT OPERATING
J~JL OPEN NOT OPERATING
AUG OPEN NOT OPERATING
SEP OPEN NOT OPERA33NG

CRITICAL WATER YEAR (1976)
OCT OPEN OPERATING
NOV OPEN OPERATING
DEC OPEN OPERATING
JAN OPEN OPERATING
FEB OPEN OPERATING
MAR OPEN OPERATING
APR OPEN OPERATING
MAY OPEN OPERATING
JUN OPEN NOT OPERATING
JUL OPEN NOT OPERATING
AUG OPEN NOT OPERATING
SEP OPEN NOT OPERATING

WET WATER YEAR (1978)
OCT OPEN OPERATING
NOV OPEN OPERATING
DEC OPEN OPERATING
JAN CLOSED NOT OPERATING
FEB CLOSED NOT OPERATING
MAR CLOSED NOT OPERATING
APR CLOSED NOT OPERATING
MAY CLOSED NOT OPERATING
JUN OPEN NOT OPERATING
JUL OPEN NOT OPERATING
AUG OPEN NOT OPERATING
SEP OPEN NOT OPERATING

’ SAND M(~JNO SLOUGH TIDE GATE AND 2 BOX CULVERTS AT TOM PAINE SLO(JGH OPERATING ALL

DXC = DELTA CRGS~ CH/~NNE L ORDF = FULL TIDE DARRIER DN OLD PJV~R NF-&R DELTA.M ENDOTA CANAL
MSCS = MCNTI~UMA CC~TRO~ STRUG~rlJRE ORHF ¯ FULL TIDE BARRIER (:XN OLD RIVER AT HEAD
TPS = 4 PIPES SIPHC~S AT TOM PAINE SLOUGH INT/LKE GLCP = PART~L TIDE BARRIER (~N GRANTLINE C~NAL NF.~R CLIF-£ON COURT
MR.= = FULL TIDE BARRIER ~ MIDDLE RIVER NF~4~ V1CTOf~IA CUT
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TABLE C-10
PHASE II MODELING

FACILITIES OPERATION FOR BARRIER CONFIGURATION A

BASE FACILITY* NEW FACILITY
MONTH DXC MSCS TPS MRF ORDF ORHF GLCP

DRY WATER YEAR (1964)
OCT OPEN OPERATING OPERATING OPERATING OPERATING NOT OPERATING
NOV OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
DEC OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
JAN CLOSED OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
FEB OPEN OPERATING OPERATING OPERATING OPERATING NOT OPERATING
MAR OPEN OPERATING OPERATING OPERATING OPERATING NOT OPERATING
APR OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
MAY OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
JUN OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
JUL OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
AUG OPEN NOT OPERATING OPERATING OPERATING OPERATING NOT OPERATING
SEP OPEN NOT OPERATING OPERATING OPERATING OPERATING NOT OPERATING

BELOW NORMAL WATER YEAR (1972)
OCT OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
NOV OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
DEC OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
JAN CLOSED OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
FEB CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
MAR CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
APR OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
MAY OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
JUN OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
JUL OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
AUG OPEN NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
SEP OPEN NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING

ABOVE NORMAL WATER YEAR (1975)
OCT OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
NOV OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
DEC OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
JAN OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
FEB CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
MAR CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
APR CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
MAY CLOSED NOT OPERATING OPERATING OPERATING OPERATING OPERATING
JUN OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
JUL OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
AUG OPEN NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
SEP OPEN NOT OPERATING OPERATING NOT OPERA3"~NG NOT OPERATING NOT OPERATING

CRITICAL WATER YEAR (1976)
~ OPEN OPERATING OPERATING OPERATING OPERATING NOT OPERATING
NOV OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
DEC OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
JAN OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
FEB OPEN OPERATING OPERATING OPERATING OPERATING NOT OPERATING
MAR OPEN OPERATING OPERATING OPERATING OPERATING NOT OPERATING
APR OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
MAY OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
JUN OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
JUL OPEN NOT OPERATING OP’ERATING OPERATING OPERATING OPERATING
AUG OPEN NOT OPERATING OPERATING OPERATING OPERATING NOT OPERATING
SEP OPEN NOT OPERATING OPERATING OPERATING OPERATING NOT OPERATING

WET WATER YEAR (1978)
OCT OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
NOV OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
DEC OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
JAN CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
FEB CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
MAR CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
APR CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
MAY CLOSED NOT OPERATING OPERATING OPERATING OPERATING OPERATING
JUN OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
JUL OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
AUG OPEN NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
SEP OPEN NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING

" SAND MOUND SLOUGH TIDE GATE AND 2 BOX CULVERTS AT TOM PA!NE SLOUGH OPERATING ALL MONTHS

TPS ~ 4 PIPES SIPHONS AT TOM PAINE SLOUGH INT~K~ GLCP = PART~L TIDE B.I, RRSER ON GRN’#I’UN E C.,I.N AL NEAR CUFTO~N COURT FOREBAY
MRF = FULL TIDE BARRIER ON MIDDLE RlYER NEAR V1CTO~IA CUT
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TABLE C-11
PHASE II MODELING

FACILITIES OPERATION FOR BARRIER CONFIGURATION B

BASE FACILITY" NEW FACILITY
MONTH DXC MSCS TPS MRF ORDF ORHF GLCP

DRY WATER YEAR (1964)
OCT OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
NOV OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
DEC OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
JAN CLOSED OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
FEB OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
MAR OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
APR OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
MAY OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
JUN OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
JLIL OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
AUG OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
SEP OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING

BELOW NORMAL WATER YEAR (1972)
OCT OPEN OPERATING OPERATING NGT OPERATING NOT OPERATING NOT OPERATING
NOV OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
DEC OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
JAN CLOSED OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
FEB CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
MAR CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
APR OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
MAY OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
JUN OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
JUL OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
AUG OPEN NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
SEP OPEN NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING

ABOVE NORMAL WATER YEAR (1975)
OCT OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
NOV OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
DEC OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
JAN OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
FEB CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
MAR CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
APR CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
MAY CLOSED NOT OPERATING OPERATING OPERATING OPERATING OPERATING
JUN OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
JUL OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
AUG OPEN NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
SEP OPEN NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING

CRITICAL WATER YEAR (1976)
OCT OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
NOV OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
DEC OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
JAN OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
FEB OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
MAR OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
.APR OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
MAY OPEN OPERATING OPERATING OPERATING OPERATING OPERATING
JUN OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
JUL OPEN NOT OPERATING OPERATING OPERATING" OPERATING OPERATING
AUG OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
SEP OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING

WET WATER YEAR (1978)
~ OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
NOV OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
DEC OPEN OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
JAN CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
FEB CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
MAR CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
APR CLOSED NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
MAY CLOSED NOT OPERATING OPERATING OPERATING OPERATING OPERATING
JUN OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
JUL OPEN NOT OPERATING OPERATING OPERATING OPERATING OPERATING
AUG OPEN NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
SEP OPEN NOT OPERATING OPERATING NOT OPERATING NOT OPERATING NOT OPERATING
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ternative, Model results for all five representative waterFigure C-15 shows how improvements in average and
years are included, The information shown in Table C-19minimum water levels under this alternative vary along
shouldonlybeusedtocomparethevariousalternativesinreaches of Old River, the Upper San Joaquin River,
the SDWMP based on the relative changes in TDS from Middle River, and Grant Line Canal when the barrier-
the no-action alternative. Reported salinity values aretype facilities were in operation.
provided to indicate the general range of changes in Delta
TDS for the alternatives under a wide range of hydrologic Figure C-16 shows how improvements in average and
conditions. Absolute TDS values for the interior Delta minimum water levels under this alternative, due only to
are not reported because Fischer Delta Model salinity re-forebay improvements, vary as the change from the no-
suits for this region can be significantly affected by theaction alternative SWP export rate varies.
drainage return qualities specified as inputs to the model
and are not dynamically simulated. Furthermore, the Fis-Figure C-18 shows how the improvements in monthly av-

cher Delta Model allows for relatively few agricultural di- erage salinity under this alternative improve at the 16 lo-

versions and drainage returns in the south Delta. cations in the Delta shown in Figure C-17 during the rep-
resentative dry year.

Figures C-14, C-15, C-16, and C-18 display modeling re-
suits of the Enlarged Forebay-North Victoria Intake with Tables C-20 and C-21 shows maximum upstream and
Barrier Configuration B alternative’s impact on water downstream velocities for areas where channel velocities
levels and salinity in the south Delta. The information formay be affected by the SDWMP. These values are pro-
these figures is contained in the tables presented in thisvided to indicate the possible magnitude of changes in
section, maximum velocities in the Delta with respect to the no-

action alternative under a wide range of hydrologic condi-
Figure C-14 shows how average and minimum water lev- tions. Caution must be taken when using the absolute ve-
els improve at the 16 Delta locations shown in Figurelocities shown since the DWR/RMA Delta
C-!3 during the representative dry year under the En- Hydrodynamics Model, which provided the information,
larged Forebay-North Victoria Intake with Barrier Con- was calibrated for stage and later verified for flow and ve-
figuration B alternative, locity at 18 Delta locations for May 1988.
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TABLE C-12

PHASE II MODELING
MONTHLY AVERAGE TOTAL DISSOLVED SOLIDS IN PPM

AT DECISION 1485 MUNICIPAL AND INDUSTRIAL STANDARDS LOCATIONS

i CLIFTON COURT FOREBAY INTAKE

Dec~ion 1~5 sa~n~y st~dan:f$ ~ B=~$ Pumpi~ P~ a~ 2~ mg/L maximum mean daJ~ charades (a~mxim~ely 6~ PPM TDS). State Water Project obje~es a~ 1 ~ mg/L monthly
avenge ch~s (~pmximme~ 315 PPM TDS).

REPRESENTA~VE CRITICAL YEAR
ALT          OCT      NOV      ~      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP

I NA                       129            127            123            150            186            238            262            228            269            344            263            192
125               121               121               137              168              214              243              225              273              349              298              210

2              125       120       120       137       164       194       203       183       202       238       215       177
3                             123               121               117              131               148              172              176              16g              182              195              175               158
4                            126              118              119              136              166              202              216              188              214              267              237              187
5                            241               225              223              270              291              338              285              256              289              363              984              333
6                            249              227              223              270              335              376              360              336              292              314              346              350
7                            232              207              2!2              256              281              342              391              272              209              233              308              350
8             128      130      144      172      183      224      236      237      247      272      260      228

REPRESENTATIVE DRY YEAR

I ALT                     OCT           NOV            DEC           JAN            FEB           MAR           APR           MAY           JUN            JUL           AUG            SEP
NA                           194              143              131               157              152              150              176              170              151               138              155              174
1              191       161       131       187       177       174       205       184       170       168       171       172
2                             186               153              129              186              178              161               172              155              146              148              152              160
3             157      138      122      173      168      147      151       145      142      142      144      150
4                             191               157              128              191               179              170              183              157              144              146              154              163
5              301       276       247       307       298       295       234       218       202       191       288       324
6                            326              273              247              307              ~24              900              329              310              297              260              303              345
7                        307            242            244            266            292            275            300            252            254            186            230            343
8                            206               162              162              196              192              169              192              210              203              lgl              217              222

REPRESENTATIVE BELOW NORMAL YEAR
ALT            OCT      NOV       ~      JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       S~P

NA                           176               142              136              149              140              134              135              166              151               133              144               160
191       177      156      145      149      125      145      176      174      162      159      158

2                             191               177              156              145              149              125              127              148              151               142              142               153

i 3                             154              149              138               139              145              125              127              145              146              137              134              137
4                            201               188              159              144              147              124              125              147              149              138              145              154
5                            297              281              259              251              248              267              186              210              204              179              282              300
6                            297              281              259              251              248              267              319              321              294              280              291               300
7                            272              253              236              244              244              236              286              275              227              219              248              295
8                            212              201               168              170              183              147              146              219              204              167              194              208

REPRESENTATIVE ABOVE NORMAL YEAR
ALT          OCT     NOV      ~     JAN      FEB     MAR     APR     MAY      JUN      JUL     AUG      S~P

NA                           169               144              126              143              172              167              132              128              126              118              120              128
190       173       139       131       176       156       122       128       144       153       143       128

2              190       173       139       131       176       156       122       125       132       137       130       127
3                             159               154              131               128              180              145              118              121               130              135              128              120
4             lgg      177      139      130      172      153      119      125      130      132      130      127
5             279      251      230      261      208      246      245      172      170      175      278      270
6                            279              251              230              261              208              246              245              236              233              296              290              270
7                            256              225              219              251              211              232              238              170              163              243              260              255
8                            201               184              162              170              186              189              150              170              176              171               183              155

REPRESENTA~VE WET YEAR
ALT OCT             NOV              ~             JAN              FEB             MAR             APR             MAY              JUN              JUL             AUG              SEP
NA 381               329              335              259              230              226              172              208              270              221               143              145

I 1             331       303      230      231      211      205      160      172      221      225      168      139
2             283      268      220      230      211      205      160      158      291      231       155      139
3                            234              217              172              224              221              204              161               155              202              203              147              130
4              248       276       236       232       214       211       166       152       287       225       154       136
5                            416              383              350              311              250              207              157              196              253              252              298              280

I 6                            404              363              343              311              250              207              157              263              333              315              290              280
7                            423              349              320              306              252              206              159              234              308              300              243              27g
8                            362              285              241               242              212              212              166              204              325              275              199              185

DESCRIPT~N OF ALTERNATIVES:

NA No-Action
Northern Intake, Barder Configuration A                 5    Northern Intake, Barrier Configuration A, CVP tie-in

2 Northern Intake, Barrier Configuration B                 6    Northern Intake, Barrier Configuration B, CVP tie-in
3 Enlarged Forebay with North Victoria, Ban.. Config. B     7    Enlarged Forebay with N. Victoria Intake, Barr. Config. B, CVP tie-In
4 Enlarged Forebay with Highway 4 Intake, Ban.. Config. B 8 Enlarged Forebay with Highway 4 Intake, Ban’. Config. B, CVP tie-in
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TABLE C-12 (cont.)
PHASE II MODELING

MONTHLY AVERAGE TOTAL DISSOLVED SOLIDS
AT DECISION 1485 MUNICIPAL AND INDUSTRIAL STANDARDS LOCATIONS

DELTA MENDOTA CANALINTAKE

Dec~n1~5sa~in~ys~ndards~s~fion250mg/Lm~umd~ychbddes(~pmxim~eiy630PPMTDS).

REPRESENTA~VE CRmCAL YEAR
ALT          OCT      NOV      ~      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP
NA            201       196      191      220      247      297      305      288      304      365      303      251

215      202      199      216      239      282      265      262      297      362      337      263
2             208      201       199      216      224      260      260      273      261      267      251      226
3             213      200      203      218      228      268      271      282      26g      271      260      232
4              206       203       202       216       214      248       252       268       256       266       249       224
5              241       225       223       270       291       338       285       256       289       363       384       393
6              249       227       223       270       335       376       360       336       292       314       346       350
7             232      207      212      256      281      342      331      272      209      233      308      350
8              128       130       144       172       183       224       236       237       247       272       260       228

REPRESENTATIVE DRY YEAR
ALT           OCT      NOV      D~C      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP
NA            251      220      200      236      230      229      244      234      212      181      202      236

257      235      208      263      251      245      226      219      195      187      226      233
2              247       230       207       263       243       228       238       235       213       187       196       211
3              263       243       214       273       257      241       259       245       215       188       197       212
4              227       217       206       249       238       217       225       232       213       187       195       210
5              301       276       247       307       298       295       234       218       202       191       288       324
6              326       273       247       307       324      300       329       310       297       260       303       345
7              307       242       244       266       292       275       300       252       254       186       230       343
8              206       162       162       196       192       169       192       210       203       191       217       222

REPRESENTATIVE BELOW NORMALYEAR
ALT           OCT      NOV      DC--C      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP
NA            247      217      212      215      211      204      217      243      215      187      203      227

259      243      231      223      220      202      175      209      202      182      208      230
2             259      243      231      223      220      202      215      245      224      190      195      226
3             294      272      251      229      223      200      215      248      226      190      197      232
4             235      224      218      224      225      204      216      245      224      189      195      224
5             297      281      259      251      248      267      186      210      204      17g      282      300
6             297      281      259      251      248      267      319      321      294      280      291      300
7             272      253      236      244      244      236      286      275      227      219      248      295
8             212      201       168      170      183      147      146      21g      204      167      194      208

REPRESENTATIVE ABOVE NORMAL YEAR
ALT           OCT      NOV      ~      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP
NA            235      202      194      212      198      216      201       177      175      182      186      209

255      231      211      213      205      217      201       173      175      171       193      214
2             255      231      211      213      205      217      201       192      185      187      184      213
3             291      257      224      214      205      225      203      195      188      187      185      218
4             233      218      209      216      207      219      203      Ig2      185      186      185      213
5             279      251      230      261      208      246      245      172      170      175      278      270
6             279      251      230      261      208      246      245      236      233      296      290      270
7             256      225      219      251      211      232      238      170      163      243      260      255
8             201       184      162      170      186      189      150      170      176      171       183      155

REPRESENTA~VEWETYEAR
ALT           OCT      NOV      E~’=C      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP
NA            419      358      366      297      254      213      157      245      309      270      202      219

402      952      282      294      252      211       157      194      262      257      220      220
2             381       325      273      293      252      211       157      246      325      303      210      219
3             386      368      318      322      260      212      157      251       327      319      214      222
4             387      286      242      285      256      211       157      239      326      304      212      21g
5              416       383       350       311       250      207       157       lg6       253       252       298       280
6              404       363       343       311       250      207       157      263       333       315       290       280
7              423       349       320       306       252      206       159       234       308       300       243       279
8           362     285     241      242     212     212     166     204     325     275     199     185

DESCRIPT~N OF ALTERNA~VES:

NA No-Action
No~hern Inta~, Barrier Configuration A                 5    No~hern intake, Ba~ar Co~igu~tton A, CVP tie-in

2 No~hern intake, Ba~ier Configuration B                 6    No~hern I~ake, Barrier Configuration B, CVP tie-in
3 Enlarged Forebay with North Victoria, Ba~. Config. B     7 Enla~ed Fo~bay with N. Victoda intake, Barr. Config. B, CVP tie-in
4 Enlarged Forebay with Highway 4 Intake, Bart, Config. B 8 Enlarged Forebay with Highway 4 Intake, Ba~. Config. B, CVP tie-in
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TABLE C-12 (cont.)

I PHASE II MODELING
MONTHLY AVERAGE TOTAL DISSOLVED SOLIDS

AT DECISION 1485 MUNICIPAL AND INDUSTRIAL STANDARDS LOCATIONS
OLD RIVER AT ROCK SLOUGHI (2.5 Miles East of Contra Costa Canal Intake)

Dac~n 1~5 =~lin~y s~ndar~ ~r mun~i~l a~ i~us~ ~es at th~ st~n are 2~ mg~ maximum mean d~ ch~rides ~mxima~ 600 PPM TDS), a~ 150 mg/L (approximately

i ~ 0 PPM TDS) ~ ~ast ~% of t~ c~le~ar ye~ ~ wet yaa~, ~% in ~low norm~ ~ars, &~ ~% in cr~ic~l years. S~n~s at Ro~ SIo~h ~d at Co~ra C~ta Canal I~e may be
differe~ d~ to Ioca.I ~gr~at~n.

REPRESENTA~VE CRITICAL YEAR
ALT          OCT     N~V      ~     JAN      F£B     MAR     APR     MAY      JUN      JUL     AUG      S~P

I NA            123      104      108      150      260      369      371      272      444      583      397      272
1                             136              115              118              139              22g              333              316              254              430              600              467              307
2                            133              113              117              139              211              268              254              195              282              382              308              214
3                            139              115              11g              13g              207              261              251               194              278              380              308              215
4                            133              113              117              138              20g              264              252              193              281               ~84              310              216

I 5                             137              116              119              140              234              341              322              256              4~              598              474              313
134              113              118              140              214             272              263              199              294              395              322              223

7                            145               116              121               143              220              279              274              201               281               388              328              231
8                             133              113              118              139              211              267              256              195              284              381               312              218

REPRESENTATWEDRY YEAR
ALT           OCT      NOV      ~      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP

NA                          262              161               111               166              152              195              212              154              130              138              186              250
1                             283              213              146              240              190              255              257              167              142              148              191               235
2                            266              195              142              239              189              219              223              146              125              127              149              175
3                            268              205              145              250              194              225              226              147              126              127              149              174

I 4                            264              195              141               239              189              221              225              146              125              127              150              176
5                            289              216              149              243              lg2              256              260              169              142              147              192              238
6                            271               195              144              242              191              216              222              146              126              127              151               178
7              29g       217       152       261       206       233       243       154       129       129       151       177
8              26g       195       142       239       190       217       223       145       125       127       149       175

t REPRESENTATWE BELOW NORMALYEAR
ALT           OCT      NOV      D~C      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      S~P
NA 249               186              152              122              126              116              111               119              122              130              156               185

295              273              199              136              125              112              118              137              135              137              163               191
2                            295              273              199              196              125              112              112              121               123              122              145              183

I 3              311       288       211       138       126       113       112       122       124       122       145       184
4                            293              270              198              135              125              112              112              120              122              122              146               183
5                            297              276              200              136              125              113              118              197              135              137              163               192
6              297       276       200       136       125       113       112       121       123       123       146       187
7                            342              313              230              143              127              113              113              123              126              124              147              195

I 8             293      270      197      135      125      113      112      121       122      123      145      184
REPRESENTATIVE ABOVE NORMAL YEAR

ALT           OC]"      NOV      ~      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      S~P
NA                          217              135              113              112              139              132              109              105              105              109              115               132

285              238              153              115              144              1~4              109              106              109              114              120              140

i 2 285       238       153       115       144       134       109       107       107       109       115       139
3                            309              257              159              116              144              135              110              108              108               110              116               141
4                            285              237              152              114              144              134              109              107              107              109              116               139
5                            286              240              154              115              144              135              109              107              109              114              120               141
6              286       240       154       115       144       135       109       107       107       110       116       141

I 7 333              281               172              117              140              139              110              110              110              111               117              147
8                            284              237              152              115              145              135              109              108              108              110              116               140

REPRESENTATIVE WET YEAR
ALT OCT      NOV       DEC      JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       SEP
NA 535              598              586              268              186              217              222              133              131               126              119              138

I 1                             534              534              397              244              173              178              162              140              174              176              135               143
2                            381               464              377              241               173              178              162              131               170              167              126               142
3                            378              477              390              251               169              174              170              134              181               175              127              143
4                            379              462              374              241               174              178              163              127              169               167              126              141
5              526       539       401       247       175       178       163       140       175       177       135       144

i 6                            384              468              382              244              174              178              163              131               173               167              127              143
7                            376              514              426              267              167              173              180              140              235              217              130               147
8                            371               460              373              242              176              179              163              132              169               169              127              142

I DESCRIPTION OF ALTERNATIVES:

NA No-Action
Northern Intake, Barrier Configuration A                 5    Northern Intake, Barrier Configuration A, CVP tie-in

2 Northern Intake, Barder Configuration B                6 Northern Intake, Barrier Configuration B, CVP tie-in

I 3 Enlarged Forebay with North Victoria, Barr. Config. B     7 Enlarged Forebay with N. Victoda Intake, Barr. Config. B, CVP tie-in
4 Enlarged Forebay with Highway 4 Intake, Barr. Conftg. B 8 Enlarged Forebay with Highway 4 Intake, Bart. Configo B, CVP tie-in
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TABLE C-12 (cont.)
PHASE II MODELING

MONTHLY AVERAGE TOTAL DISSOLVED SOLIDS IN PPM
AT DECISION 1485 MUNICIPAL AND INDUSTRIAL STANDARDS LOCATIONS

SAN JOAQUIN RIVER AT ANTIOCHDeccan I~5 ~lin~y s~ndzrds ~ th~ s~on for municipal a~nd indus~ ~e the s~me ~, and ~e a su~t~e for, those at O~ R~er ~ Rock S~h. When the CVP and SWP impose
deflc~nc~s, a relax~n pmv~ion for s~iped I::~ss spawning from Ap~ 1 thro~h May 5 of all ye~ types ~:

Definie~y(inMAF~        EC       Chlodd~      TDSinPPM(approx.)
0            1.5       408          845

0.5                  1.9          533              1,070
1.0                  2.5          720              1,415
1.5                                 3.4                1,000                          1,925
2.0                  4.4         1~313              2~500

REPRESENTA~VE CRITICAL YEAR
ALT          OCT     NOV      D~C     JAN      FEB     MAR     APR     MAY     JUN      JUL     AUG      SEP
NA             525       365       702     1774     2778     3700     3041     3158     4490     4320     3094     2670
1                             595              552              735           1488           2513           3318           2705           3025           4446           4774           3538           2838
2              562       533       730      1485     2301      2865     2282     2460     3537     3693     2695     2177
3                            563              534              730           1478           2264           2806           2246           2439           3515           3694           2702           2178
4                        565            537            733          1490         2299         2855         2280         2466         3555          3727         2731          2206
5                            594              554              739            1495           2522           3340           2737           3066           4467           4720           3551            2861
6                            553              531              736            1496           2312           2888           2295           2491            3607           3758           2757           2248
7                            559              534             730            1493           2271            2807           2210           2412           3511            3642           2634           2148
8                            559              533              737           1500           2313           2887           2296           2492           3599           3751            2752           2230

REPRESENTATIVE DRY YEAR
ALT                        OCT             NOV              ~             JAN              FEB             MAR             APR             MAY              JUN               JUL             AUG              S~P
NA           2556       698       848       513       798     1813     1680     1250       935      1375     2310     2899

2634           1155           1161               694              933           1828           1457           1156              938            1390           2130           2672
2                         2440            1054           1147              692              855           1617           1238              907              717           1049           1631            2084
3            2398      1036     1143       685       839      1588     1211       885       701      1045      1638     2092
4                         2431            1049           1144              688              851            1624           1250              910              716            1058            1652           2111
5                         2652            1166           1169              699              941            1841            1464           1166              944            1382           2148           2705
6            2429      1050     1153       697       851      1601      1214       888       721      1071      1670     2143
7                         2386            1032           1150              688              839            1580           1193              865              693            1029            1606           2055
8                         2443            1056           1151               695              856           1611            1232              893              718            1069            1657           2130

REPRESENTATIVE BELOW NORMAL YEAR
ALT           OCT      NOV      DEC      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP
NA           1933     1706      708      303      245      135      399      823      758      926     1555     2102

2116     1966      900      323      162      119      426      837      749     1001     1612     2094
2                         2116            1966              900              323              162              119              385              695              594              799            1470           2052
3                         2118           1963              897              319              162              119              377              679              580              785            1461            2047
4                         2118            1973              897              319              162              119              384              693              592              798            1475           2059
5                         2140            1978              904              322              163              119              426              839              752              998            1632           2116
6                         2140            1978              904              322              163              119              378              695              599              797           1492           2081
7                         2127           1980              905              324              163              119              374              672              575              757            146t            2071
8                         2143            1986              903              322              162              119              385              695              595              800            1490           2077

REPRESENTATIVE ABOVE NORMAL YEAR
ALT           OCT      NOV      ~      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP

NA                        1499              870              493              282              115              110              110              107              113              255              642            1121
1814           1487              657              271               116              111               111               107              113              272              804           1183

2                          1814           1487              657              271               116              111               111               107              111               235              761            1171
3                          1796            1477              555              271               116              111               110              107              111               234              763            1170
4                          1811            1475              655              272              116              111               111               107              111               237              765            1174
5             1813      1486       661       275       116       111       111       107       113       273       811      1188
6                          1813            1486              661               275              116              111               111               107              111               239              779            1182
7                      1806          1481            656            273            116            111             111             107            111             233            768          1178
8            1812     1486      661      275      116      111       111       107      111       237      777     1177

REPRESENTA~VE WET YEAR
ALT           OCT      NOV      DL=C      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP

NA                       5255           5740           4404              449              141               138              124              119              120               183              664            1385
1                          5251            4373           3121               428              141               130              117              117              124              185              701            1437
2                         4588           4149           3061               423              141               130              117              116              120               169              683            1433
3                         4590           4139           3050              427              141               130              117              116              120               169              684           1430
4                         4623           4160           3060              424              141               130              117              112              120              169              685            1435
5                      5285          4355         3122            427            141             130            117            117            123            185            707          1453
6                         4643           4143           3066              423              141               130              117              116              120               172              694           1445
7                          4576           4126           3059              429              142              ~30              117              116              120              171              691            1440
8                          4616           4128           3060              422              141               130              117              116              119               171              693            1446

DESCRIPTION OF ALTERNATIVES:
[]

NA No-Action
1 Northern Intake, Barrier Configuration A 5 Northern Intake, Barder Configuration A, CVP tie-in
2 Northern Intake, Barrier Configuration B 6 Northern Intake, Barder Configuration B, CVP tie-in
3 Enlarged Forebay with North Victoria, Bart. Config. B 7 Enlarged Forebay with N. Victoria Intake, Barr. Config. B, CVP tie-in ¯
4 Enlarged Forebay with Highway 4 Intake, Ban’. Config. B 8 Enlarged Forebay with Highway 4 Intake, Ban’. Config. B, CVP tie-in I
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TABLE C-13
PHASE II MODELING

MONTHLY AVERAGE TOTAL DISSOLVED SOLIDS IN PPM
AT DECISION 1485 AGRICULTURAL STANDARDS LOCATIONS

SAN JOAQUIN RIVER AT JERSY POINT

Deccan 1 ~85 salin~y s~ndards ~r ag~u~u~ ~ th~ st~n =re a m~imum 14-day ~nni~ avenge mean daily EC (millimhos) of: Wet yea~ - 0.45 (approximately 75 m~L chlorides
or 250 PPM TDS) ~1 - 8~ 5; Be~w normel ~aJ’= = 0.45 (approximate~ 75 mg~. ch~des or 250 PPM TDS) ~1 - 6/20 and 0.74 (approximately 165 mg/L chlor~es or 400 PPM TDS)
6/20 -8~5; C~ic~l years = 2.20 (approxim=ely 600 m~L charities or 1,170 PPM TDS) 4/1 - ~15.

REPRESENTATIVE CRITICAL YEAR
ALT          OCT     NOV      ~     JAN      FEB     MAR     APR     MAY      JUN      JUL     AUG      SEP
NA           168      116      158      356      729     1045      842      709     1150     1150      867      52g

226      169      179      286      629      896      654      64g     1150     1150     1015      6g8
2            211      162      177      285      540      695      503      455      872      981      659      463
3            214      163      !76      282      523      675      491      454      864      988      662      461
4             213      162      178      285      539      691      504      455      875      996      674      469
5             2~7      171       180      290      629      893      671      644     1150     1150     1009      707
6              211       162       179       290       534      693       515       469       893      1006       682       483
7              214       163       177       289       514      651       490       446       849       956       652       456
8              211       163       179       288       527      679       507       466       884      1007       681       475

REPRESENTATIVE DRYYEAR
ALT           OCT      NOV      ~      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      S~P
NA             613       234       173       269       226       511       441       246       192       273       470       658

644       446       265       434       270      674       498       254       203       287       451       593
2              578       394       258       432       250      547       401       200       159       201       305       405
3              572       390       258       428       245       540       394       195       155       200       306       406
4              577       390       257       430       249       556       407       199       158       202       311       413
5              659       456       272       437       273       683       503       258       204       281       453       599
6              572       396       263       435       250       538       392       196       159       204       312       419
7             567      391      262      429      248      526      386      193      156      196      298      399
8             576      395      260      431      248      546      394      197      159      203      310      415

REPRESENTATIVE BELOW NORMAL YEAR
ALT           OCT      NOV      [TL-C      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP
NA            539      452      234      150      150      119      123      159      169      237      329      441

711      662      357      171       126      111       129      162      166      237      345      443
2              711       662       357       171       126       111       124       143       140       182       296       426
3              717       652       358       172       126       111       123       141       138       180       293       427
4              714       656       355       170       125       111       123       142       139       183       298       430
5              725       657       357       172       !25       111       129       162       166       234       339       445
6              725       657       357       172       125       111       123       143       140       180       296       436
7              731       669       366       172       128       111       122       140       137       172       291       432
8              710       660       357       169       125       111       123       142       140       179       298       431

REPRESENTATIVE ABOVE NORMAL YEAR
ALT           OCT      NOV      DC*--C      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP
NA 424      216      145      119      113      109      106      105      104      116      163      266

674      525      221       119      115      109      106      105      104      113      170      287
2 674      525      221       119      115      109      106      105      104      110      162      282
3 671       527       219       120       115       109       106       105       104       110       161
4 665       520       218       119       115       109       106       105       104       110       163
5 682       528       220       120       115       109       106       105       104       113       170       ~95
6 682       528       220       120       115       109       106       105       104       110       164       293
7 878       535       221       120       115       109       106       105       104       110       163       292
8 675       526       219       120       115       109       106       105       104       110       164       292

REPRESENTATIVE WET YEAR
ALT            OCT      NOV       ~      JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       S~P
NA            1393      1561      1440       248       138       140       125       111       107       110       154       280

1394     1221       969       243       139       130       117       109       114       1~0       158       297
2             1075      1104       935       241       139       130       117       109       111       116       154       293
3             1067     1097       936       242       139       130       117       109       111       116       154       296
4             1066      1101       933       240       139       130       117       105       111       115       154       289
5             1405      1221       968       243       139       130       117       109       114       119       158       300
6             1088      1112       936       240       139       130       117       109       111       116       154       297
7             1065      1112       947       243       139       130       117       109       11I       117       155       298
8             1087     1101       931       240       138       130       117       109       110       116       155       295

DESCRIPTION OF ALTERNATIVES:

NA No-Action
1 Northern Intake, Barrier Configuration A 5 Northern Intake, Barrier Configuration A, CVP tie-in
2 Northern Intake, Barrier Configuration B 5 Northern Intake, Barrier Configuration B, CVP tie-in

I 3 Enlarged Forebay with North Victoria, Barr. Config. B 7 Enlarged Forebay with N. Victoda Intake, Barr. Config. B, CVP tie.in
4 Enlarged Forebay with Highway 4 Intake, Bart. Config. B 8 Enlarged Forebay with Highway 4 Intake, Barr. Config. B, CVP tie-in

I 317
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I
TABLE C-13 (cont.)

PHASE II MODELING                                                            ¯
MONTHLY AVERAGE TOTAL DISSOLVED SOLIDS IN PPM

AT DECISION 1485 AGRICULTURAL STANDARDS LOCATIONS
SAN JOAQUIN RIVER AT SAN ANDREAS LANDING

Decis~n 1~5 s~in~y s~nda.~$ ~r ag~u~u~ ~ th~ st~n (from ,~o~11 ~h A~u~ 15) an a m~imum 14,-day ~nni~ a~r~go of me~ ~ e~ectr~ ~u~v~y (in mi~im~s)
of: wet yearn a~ be~w ~rmal ~ars, 0.~ ~mximmely 70 mg/L charities or 2~ PPM TOS); c~c=l ~aJ’s, 0.87 (~proxim~o~ 1 ~ mg/L chlor~os or 4~ PPM TDS).

!
REPRESENTA~VE CR~AL YEAR

ALT ~      NOV       ~      JAN       FEB      MAR      APR      MAY      JUN       JUL      AUG       SEP
NA 105              100              102              131               lgl              263              228              197              325              368              245              188
1                             111               105              105              123              172             233              194              180              312              386              276              202 !2             109      104      105      123      15g      193      164      151      225      258      197      156
3                             109               104              104              122              155              187              161               150              219              256              196              155
4             109      104      105      122      159      192      164      151      222      258      199      157
5             111       105      105      123      173      235      195      181      314      385      279      206
6             109      104      105      123      159      192      165      152      228      264      200      159 I7                            10g               104              105              122              156              186              160              149              219              252              193              153
8              109       104       105       123       15g       193       165       151       224       262       199       157

REPRESENTATIVE DRY YEAR
ALT                    OCT           NOV            DEC           JAN            FEB           MAR           APR           MAY            JUN            JUL           AUG            SEP
NA                       179            117            104            142            129            151             149            121             111             118            148            184 i186              144              121               187              146              181               168              123              112              120              145              173
2              176       136       119       186       144       160       148       116       107       111       124       141

172              135               118              186              144              158              147              115              107              110              124              141
4                             175               136              118              186              144              161               150              116              107              111               125              142
5              188       146       121       188       147       184       170       123       112       120       146       175 l6                             174              136              119              187              144              158              146              115              107              111               124              141
7              174       135       119       186       144       156       146       115       107       110       122       138
8                             177              137              119              186              144              159              148              115              107              111               124              141

REPRESENTA~VE BELOW NORMALYEAR
ALT                        OCT             NOV              ~             JAN              FEB             MAR             APR             MAY              JUN              JUL             AUG              S~P !NA 164              142              118              113              113              107              104              107              107              11~              127              144

188       183       137       119       110       105       104       108       107       113       129       144
2                             188               183              137              119              110              105              104              106              105              108              121               140
3             187      181       136      118      110      105      104      106      105      108      121       140

I4                             187              182              136              118              109              105              !04              106              105              108              121               141
5              190       184       138       119       110       105       104       108       107       113       129       144
6                             190              184              138              119              110              105              104              106              105              108              121               143
7                            1gO              183              138              11g              110              105              104              106              105              107              120              141
8              189       183       137       118       109       105       104       106       105       107       121       142

IREPRESENTATWE ABOVE NORMAL YEAR
ALT                        OCT             NOV              ~             JAN              FEB             MAR             APR             MAY              JUN              JUL             AUG              SEP
NA            146      111       103      106      110      104      101       100      100      102      106      114
1             186      169      116      106      111      104      101       100      100      102      107      117
2                             186               163              116              106              111               104              101               100              100              102              106              116

I3              186       162       116       106       111       104       101       100       100       102       106       116
4                             186              162              116              106              111               104              101               100              100              102              106              116
5              187       164       116       106       111       104       101       100       100       102       107       117
6              187       164       116       106       111       104       101       100       100       102       106       117
7              188       164       117       106       111       104       101       100       100       102       106       117

I8                             186              162              116               106              111               104              101               100              100              102              106              117
REPRESENTA~VE WET YEAR

ALT                     OCT           NOV            ~           JAN            FEB           MAR           APR           MAY            JUN            JUL           AUG            SEP
NA                          402              428              359              168              130              141               122              106              104              105              106              119
1              396       317       245       166       128       129       117       106       116       115       109       120

I2              302       283       236       165       128       129       117       105       109       110       108       120
3             302      282      235      165      128      129      116      105      109      109      108      120
4                        306            281            235            165            128            12g            117            102            10g            10g            108            120
5                            399              318              245              166              128              129              117              106              116              114              109              120
6              304       284       296       165       128       129       117       105       109       109       108       120
7                            301               282              235              165              128              128              116              105              109              10g              108              120
8                            306              282              235              165              128              129              117              105              109              109              108              120

DESCRIPTION OF ALTERNATIVES:

NA No-Action
Northern Intake, Barrier Configuration A                 5    Northern intake, Barder Configuration A, CVP tie-in

2 Northern Intake, Barder Configuration B                 6    Northern intake, Barrier Configuration B, CVP tie-in
3 Enlarged Forebay with North Victoria, Barr. Config. B     7    Enlarged Forebay with N. Victoda Intake, Barr. Config. B, CVP tie-in
4 Enlarged Forebay with Highway 4 Intake, Ban’. Conflg. B 8 Enlarged Forebay with Highway 4 Intake, Ban’. Config. B0 CVP tie-in

C--041 561
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TABLE C-13 (cont.)
PHASE II MODELING

MONTHLY AVERAGE TOTAL DISSOLVED SOLIDS IN PPM
AT DECISION 1485 AGRICULTURAL STANDARDS LOCATIONS

SACRAMENTO RIVER AT EMMATON

Deccan 1~5 salin~y s~nd=r~ for agr~u~ure at th~ st~n are a m~imum 14-day mnni~ avera~ of mean daily electr~al ~uc~v~y (in millim~s) of: Wet yea~ = 0.45 (approxi-
mately 90 mg/L. ch~ridee or 2~ PPM TDS) ~1 - ~15; Below ~ yearn = 0.~ (a~mxim~ely 90 m~L ch~es or 2~ PPM TDS) ~1 - 6~0 and 1.14 (approximately 300 mg~
chlorides or 635 PPM TDS) 6/20 - ~15; Cr~=l ~a~ - 2,78 (=~roxim~tely 785 mg/I., chlor~es or 1,560 PPM TDS) ~1 - ~15,

REPRESENTA~VE CRITICAL YEAR
ALT          OCT      NOV      ~      JAN      FEB      MA~      APR      MAY      JUN      JUL      AUG      SEP
NA            130      116      148      372      579      889      649      84g     1350     1125      810      726
1             135      131       156      322      511      822      617      767     1358     1461      969      773
2             132      128      156      321      472      705      522      619     1081     1111      728      587
3             130      128      152      311      462      689      515      612     1076     1111      729      586
4              132       128       154       321       472       706       523       621      1086      1118       736       593
5              134       131       155       322       519       828       613       767     1370      1448       974       782
6              130       128       154       322       478       712       522       616      1085      1121       727       595
7              130       128       152       318       469       658       504       626      1057     1070       709       573
8              129       129       155       320       475       690       527       606     1084      1114       732       593

REPRESENTATIVE DRY YEAR
ALT           ~      NOV      D~C      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP
NA            532      147      192      144      187      327      310      278      225      304      611       789

549      194      254      168      228      299      273      253      217      302      521       720
2             517      181      250      168      218      264      236      215      186      245      421       566
3             516      179      249      167      214      262      231      212      1~7      246      422      568
4             517      181      250      167      218      266      238      216      187      245      425      572
5             557      196      258      169      229      300      275      256      218      305      516      715
6             517      181      252      169      218      258      230      214      188      252      408      565
7             513       178      249      167      2!7      260      230      209      184      240      411      577
8             525       182      248      168      217      260      236      215      186      250      406      571

REPRESENTATIVE BELOW NORMALYEAR
ALT           OCT      NOV      ~      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP
NA            340      301       152      115      111       105      130      192      177      185      ~82      541

351       341       175       120       107       104       128       197       179       202       374       519
2              951       341       175       120       107       104       124       182       160       175       339       506
3              349       330       175       119       107       104       125       178       159       175       340       507
4              354       339       175       120       107       104       125       180       160       177       341       510
5              358       344       176       120       107       104       128       198       180       205       367       520
6              358       344       !76       120       107       104       124       180       161       178       337       502
7              352       333       175       120       107       104       125       179       159       173       328       492
8              357       339       174       120       107       104       125       181       161       177       343       508

REPRESENTATIVE ABOVE NORMAL YEAR
ALT           OCT      NOV      DI3C      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP
NA             281       172       128       117       109       104       103       103       102       111       158       227
1              309       257       152       116       109       104       103       103       102       115       197       228
2              309       257       152       116       109       104       103       103       102       112       190       226
3              309       258       151       116       109       104       103       103       102       112       189       223
4              306       254       151       116       109       104       103       103       102       112       191
5              307       258       153       117       109       104       103       103       102       114       198       229
6              307       258       153       117       109       104       103       103       102       112       194       229
7             310      260      152      116      109      104      103      103      102      112      190      228
8             307      257      153      116      109      104      103      103      102      112      194      227

REPRESENTA~VE WET YEAR
ALT           OCT      NOV      DEC      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP
NA          2297     2038      921       140      117      112      104      106      105      111       173      312

2218     1000      603      138      117      113      103      105      109       117      189      328
2            1858      923      586      138      117      113      103      105      107      114      185      323
3             1837       915       577       138       117       113       103       105       107       114       186       323
4             1871       923       587       138       117       113       103       101       107       113       184       321
5            2227       998       602       138       117       113       103       105       108       116       190       326
6             1876       923       586       138       117       113       103       105       107       114       185       324
7             1830       901       587       138       117       113       103       105       107       114       184       322
8             1869       921       587       138       117       113       103       105       107       114       185       328

DESCRIPTION OF ALTERNATIVES:

NA No-Action
1 Northern Intake, Barrier Configuration A 5 Northern intake, Barder Configuration A, CVP tie-in
2 Northern Intake, Barrier Configuration B 6 Northern Intake, Barrier Configuration B, CVP tie-in

I 9 Enlarged Forebay with North Victoria, Bart. Config. B 7 Enlarged Forabay with N. Victoria Intake, Barr. Config. B, CVP tie-in
4 Enlarged Forebay with Highway 4 Intake, Barr. Config. B 8 Enlarged Forebay with Highway 4 Intake, Barro Config. B, CVP tie-in

I 319
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TABLE C-14
PHASE II MODELING

MONTHLY AVERAGE TOTAL DISSOLVED SOLIDS IN PPM
AT DECISION 1485 FISH AND WILDLIFE STANDARDS LOCATIONS

SACRAMENTO RIVER AT COLLINSVILLE
Deccan 1MS ~n~y standards for th~ s~on ~d ot~r st~ns west of Colli~vil~ for Su~un Marsh ~ h~h fi~ e~ ~ a# par types are:

Oct         Nov~       Jan      Feb/Mar       Ap~May
EC (millimhos) (monthly average ~ both da~ly high tides):           19.0         15.5         12.5        8.0          11.0
Ch~de= (rag/L)                                            6,300         5,1~         4,1~       2,~0          3,600
Tot~ DisuSed Solids (PPM) (a~mxim=el~                  11,1~        9,1~        7,350      4,700         6,450

REPRESENTA~VE CRITICAL YEAR
ALT          CX3T      NOV      DLcC      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      SEP
NA                          663              562           1032           2486           3468           4599           3697           4273           5430           5080           3940           3589
1             662      754     1045     2150     3193     4166     3521     4139     5431     5708     4402     3772
2                        635            734          1039         2146         3009         3764         3107         3535         4636         4776          3606         3106
3                            631               733           1035           2116           2965           3708           3063           3490           4614           4779           3613           3088
4              638       741      1040     2136     3008     3760     3105     3541      4647     4806     3642     3120
5                            664              757           1052           2163           3222           4234           3540           4172           5448           5658           4396           3795
6             630      733     1049     2164     3035     3829     3146     3593     4665     4780     3672     3196
7             632      740     1039     2155     2988     3755     9084     3475     4567     4670     3562     3071
8              632       740     1056     2166     3049     3829     3159     3596     4659     4768     3653     3185

REPRESENTATIVE DRY YEAR
ALT          ~     NOV      DEC     JAN      FEB     MAR     APR     MAY      JUN      JUL     AUG      SEP
NA                    3333            725          1280            475          1106         2237         2134         1868          1393          1985          3255         3883
1                          3406            1165           1662              635           1320           2063           1710           1684           1351            1969           2933           3633
2            3224     1089     1649       634     1234     1884     1502     1410     1109     1603     2400     3041
3                         3188            1073           1629              628           1213            1858           1474           1384           1099            1591            2405           3032
4                         3233            1082           !644              628           1236           1884           1508           1412           1116           1609           2421            3053
5                         3436            1177           1681               639           1340           2083           1733           1699            1366            1958           2934           3669
6                         3228            1090           1666              637           1244           1874           1485           1397           1136            1637           2448           3109
7                         3197           1071            1656              632           1231            1854           1476           1369           1091            1591            2384           2984
8                         3248            1091            1675              634           1246           1885           1509           1415           1126           1619           2442           3106

REPRESENTA~VE BELOW NORMALYEAR
ALT           OCT      NOV      ~      JAN      FEB      MAR      APR      MAY      JUN      JUL      AUG      S~P
NA                       2309           2148              811               361              269              127              639           1323            1099           1230           2212           2905

2445           2306              944              363              165              120              646           1337           1113           1370           2271            2900
2                      2445          2306            944            363            165            120            596          1164            936          1155          2118         2856
3                         2433           2316              949              359              165              !19              593           1155              913            1139           2105           2859
4            2436     2301       938       361       165       120       596     1169       929      1157     2116     2872
5                         2451            2348              950              366              166              120              682           1349            1118            1373           2282           2918
6                         2451            2348              950              366              166              120              594           1180              945           1156           2137           2879
7           2447     2332      947      370      167      120      595     1!63      912     1122     2109     2861
8           2453     2344      946      366      166      120      610     1195      946     1170     2136     2904

REPRESENTATIVE ABOVE NORMAL YEAR
ALT                    OCT           NOV            ~           JAN            FEB           MAR           APR           MAY            JUN            JUL           AUG            SEP
NA                        1898            1176              688              422              111               105              113              106              127              356              931            1514

2061            1722              820              402              111               105              113              106              126              415            1230            1548
2                         2061            1722              820              402              111               105              113              106              122              364            1176            1536
3            2054     1714       811       397       111       105       113       106       121       362      1164     1530
4                         2055            1709              811               402              111               105              113              106              122              365            1180            1535
5                         2062            1712              830              406              111               105              115              106              126              412            1253            1563
6                         2062            1712              830              406              111              105              115              106              122              372            1219            1558
7            2066      1726       820       406       111       105       115       106       121       364      1197     1543
8            2056      1719       831       405       111       105       115       106       122       368      1219      1559

REPRESENTA~VE WET YEAR
ALT          OCT     NOV      ~     JAN      ~     MAR     APR     MAY      JUN      JUL     AUG      S~P
NA                       7431            7483           4975              238              122              116              107              126              144              279            1032           1967
1            7341     5294     3656      221       121      115      106      125      147      283     1103     2051
2           6635     5079     3602      220      121      115      106      123      141      258     1075     2036
3                         6615           5044           3579              220              121               115              106              123              141               259            1069           2016
4                         6848           5083           3600              220              121               115              106              119              141               258            1071            2015
5                         7365           5309           3659              222              121               115              106              125              147              285            1119           2053
6                         6692           5103           3607              221               121               115              106              124              141               266            1093           2045
7           6611     5061     3609      221       121      115      106      123      141      263     1093     2024
8                         6672           5092           3624              221               121               115              106              124              141              264            1093           2053

DESCRIPTION OF ALTERNATIVES: []

INA No-Action
1 Northern Intake, Barrier Configuration A 5 Northern Intake, Barder Configuration A, CVP tie-in
2 Northern Intake, Barder Configuration B 6 Northern Intake, Barder Configuration B, CVP tie-in
3 Enlarged Forebay with North Victoria, Bart. Config. B 7 Enlarged Forebay with N. V/ctoria Intake, Bart. Config. B, CVP fie.in ~/~
4 Enlarged Forabay with Highway 4 Intake, Barr. Config. B 8 Enlarged Forebay with Highway 4 intake, Bart. Config. B, CVP fie-in I

|
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TABLE C-15
PHASE II MODELING

IMPROVEMENT IN MINIMUM AND AVERAGE
WATER LEVELS

IN THE SOUTH DELTA

OLD RIVER AT TRACY ROAD

I
IMPROVEMENT TO AVERAGEWATER LEVEL (FEET} IMPROVEMENT TO MINIMUM WATER LEVEL (FEET)

REPRESENTATIVE CRITICAL YEAR

1 0.06 0,29 o.241 0.54 0.55 0.35 0.23 0.31 0.37 0,49 0.531 -0.02 0.05 0.031 0.80 0.76 0.51 0.44 04~. 0.5~ 0.6|
2 0.06 0.29 0.24[ 0.85 0.91 1.01 0.80 0.78 0.86 0.82 0.881 -0.02 O.0S 0.03j 1.53 1.60 1.69 1.52 1.41 1.53 1.55 1.64
3 028 0.42 0~311 0.96 0.98 1.06 0.87 0~83 0.82 0.83 0.911 0.02 0.08 0.051 1.55 1.61 1.69 1.54 1.44 1.51 1.55
4 0.10 0.29 0.83 0.88 0.99 0.79 0.76 0.79 0.79 -0.02 0~04 1.47 1.55 1.65 1.50 1.39 1.47 1.51 1.6tI
5 0.11 0.34 0.291 0.55 0.56 0.36 0.23 0.31 0.38 0.49 0.52 0.09 0.29 0.28 0.84 0.87 0.58 0.50 0.54 0.65 0.80
6 0.11 0.34 0.29 0.89 0.93 1.02 0.79 0.75 0.78 0.77 0.86 0.09 0.29 0.28 1.48 1.60 1.72 1.55 1~47 1.56 1.56 1.67
7 0.50 0.63 0.52 1.08 1.08 1.15 0.92 0.88 0.92 0.91 0.31 0.38 1.72 1.79 1.87 1.66 1.54 1.63 t.68 1.81
8 0.23 0.42 0.35 0.87 0.91 1,00 0.78 0.75 0.79 0.77 0.84 0.23 0.32 0.30 1.55 1.68 1.80 1.58 1.45 1.54 1.60

REPRESENTATIVE DRY YEAR
~,LT OCT NOV IT=:C JAN FtEB MAR APR MAY JUN JUL AUG SEP OCT NOV [TL-C JAN FEB MAR APR MAY JUN JUL AUG SEP

i 1 i (~:~1-0.03 0.21 0.03 0.67 0.37 0.13 0.25 0.26 0.30 0.43 0.511 -0.06 0.02-0.041 0.82 0.56 0.42 0.49 0.52 0.57 0.78
2 -0.03 0.21 0.03 1.04 0.78 0,79 0.73 0.72 0~77 0.75 0.851 -0.06 0.02 -0.04 1.59 1.32 1.50 1.46 t.46 1.48 1.50 1.61
3 0.22 0.30 0.29 1.15 0~97 0.91 0.60 0.78 0.76 0.75 0.86J -0.01 0.04 0.011 1.67 1.55 1.58 1.49 1.49 1.48 1.50 1.61
4 J 0.901 0.02 0.20 0.081 1.01 0.74 0.76 0.72 0.71 0,73 0.71 o.621 -o.o6 O.Ol .0.041 1.60 1.38 1.51 1.44 1.44 1.44 1.47

0.925 [ 0.56t 0.03 0.26 0.091 0.68 0.42 0.17 0.25 0.27 0.30 0.42 0.50J 0.03 0.26 0.051 0.81 0.56 0,40 0.54 0.58 0.65 0.86

1.76
6 I 0"961 0.03 0.26 0.091 1.09 0,84 0~84 0.72 0.70 0.71 0.69 0.611 0.03 0.26 0.05 1.58 1.36 t.49 1.47 1,47 1.50 1.53 1 63
7 ] ~’~,~l 0.45 0,510.611 t.29 1.18 1.07 0.85 0,04 0.05 0.83 0.041           0,26 0.35                                                                                      0,20 0.30 t.52 t.89 1.74 t~59 1.69 1.82 t.63i 8 0.15 0,32 0.21 1.08 0.87 0.84 0.71 0.69 0.71 0.69 0,80 0.19 0.29 1.66 1.45 1.58 1.51 1.50 1.53 1.54 .68

REPRESENTATIVE BELOW NORMAL YEAR
~-LT OCT NOV DEC JAN FF.B MAR APR MAY JUN JUL AUG SF.P OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP

1 0.10 0.17 0.09 0.28 0.45 0.01 0,13 0.25 0.32 0.37 0.10 0.15 -0.01 0.02 -0.02 0.04 0.09 -0.03 0.38 0.45 0.50 0.00 0.00
2 0.10 0.17 0.0g 0~26 0.45 0.01 0,87 0.86 0.81 0.8~ 0.10 0.15 -0.01 0.02 -0.02 0.04 0.09 1.58
3 0.30 0.35 0.31 0.38 0.53 0.10 0,97 0.92 0,88 0.93 0.09 0.18 0.03 0.06 0.02 0.07 0.11 -0.02 t.66 1.60 1.51 1.46 0.01 0.02

-0.05 1,59 1.55 1.46 1.43 0.00 0.004 0.13 0.19 0.13 0~28 0.44 0.00 0.83 0.84 0.60 0.82 0.07 0.13 -0.02 0.01 -0,02 0.04 0.08
5 0.16 0.21 0.14 0.33 0.50 0.16 0.26 0.32 0.19 0.23 0.12 0.18 0.10 0.29 0.34 0.21 0.38 0.50 0 56 0.62 0.25 0.27
6 0.15 0.21 0.14 0.33 0.50 0,06~ 0.92 0.85 0.79 0.861 0.19 0.23 0.12 0.16 0.10 0.29 0.34 1~58 1.60 1.50 1,46 0.25 0.27
7 0.53 0,56 0.53 0.59 0.74 0~33 1.13 0.97 0,93 1.041 0.33 0.41 0.33 0.35 0.31 0.38 0.42 0.301 1.82 1.71 1.62 0.32 0.35
8 0.26 0,32 0.25 0.40 0.56 0.13 0.91 0.83 0.79 0.851 0.21 0.26 0.24 0.27 0.23 0.32 0.37 0~24~ 1.66 1.64 1 53 1.56 0.28 030

REPRESENTATIVE ABOVE NORMAL YEAR

I ~-LT OCT NOV CEC JAN FF.B MAR APR MAY JUN JUL AUG SF-.P ~ NOV CEC JAN FE~ MAR APR MAY JUN JUL AUG SEP

0.27
0.585

0.04 0.031 -0.02 0.02 0.29 0.19 0.29 0.12

0’191’t

0.34 0.34

0.50J.j

0.25 0.23 -0.04-0.03 0.04 0.01 0.04-0.01 0.02: 0.53 0.52

1.5"

2 -0.02 0.02 0.29 0.19 0.29 0.12 0.19[ 0.73 0.74 1.011 0.25 0.23 -0.04-0.03 0.04 0.01 0.04-0.01 0.02 1.36 1.38 1.54 ~34 0.03
3 0.24 0.26 0.42 0~26 0.38 0.17 0.281 0.80 0.81 1.07[ 0.25 0.35 0.01 0.02 0.07 0.03 0.07 0.00 0.03 1.42 1.42 t.56 0.05 0 06
4 0,03 0,07 029 0.18 0.29 0.10 0.18[ 0.73 0.73 0.99] 022 0.22 -0,04-0,03 0.04 0.01 0.05-0.01 0.01 1.37 1.37 1,51 0,03
5 0.05 0.08 0.33 0.24 0.35 0.19 0.25 0.36 0.35 0.51 0.35 0.27 0.05 0.07 0.28 0.26 0.31 0.25 0.59 0,59 0.66 0.30 0.28I 6 0.05 0.08 0.33 0.24 0.35 0~19 0.25J 0.72 0.72 1.001 0.35 0.27 0.05 0~07 0,28 0.26 0.31 0.25 0.27J 1.40 1.39 0.30 0.28
7 0.46 0.48 0,62 0.47 0.57 0.37 0.51 0.86 0.87 1,16 0.50 0,56 0.30 0.31 0.37 0.34 0.40 0.32 0.36J 1.53 1.52 1.73[ 0.37 0.38
8     0.17 0.19 0.41 0.30 0.41 0.23 0.32 0.72 0.72 0.gg 0.37 0.37       0.21 0,22 0.31 0.29 0.35 0.28 0.30~ 1.43 1 43 1.631 0.33 0.31

REPRESENTATIVE WET YEAR
~,LT OCT NOV CEC JAN PEB MAR APR MAY JUN JUL AUG SEP OCT NOV [T~C JAN FEB MAR APR MAY JUN JUL AUG SEP

1 0.00 -0.07 0.21 0.03 0.02 -0,22

-0.08:0.08

0.05 0.24

0.21’0’2"~!

0.17 0.18 -0.06 -0.04 0.02 -0.04 -0.03 -0.21

-0.0g0.06~

0.23 O,3t

0,310.34

0.03 0,01
2 0,00 -0.07 0.21 0.03 0.02 -0.22 0.96 1.01 1.03 0.17 0.18 -0.06 -0.04 0.02 -0.04 -0.03 -0.21 1.91 1.79 1~80 0.03 0.01-0.08,

-0.033 0.03 0,01 0.29 0.26 0.26 0.01 1.02 1.01 1.07 0.17 0.23 -0.01 -O.0t 0.05 O.0t 0.02 -0.07 1.90 1.80 1.82! 0.03 0.02

J -0.06 1.87 1.76 1.78 0.02 0.004 0.00 -0.07 0.20 0,08 0.07 -0,17 *0,04 0.95 0.97 1.02 0.14 0.16 -0.03 -0.04 0,01 -0,03 -0,02 -0.12
5 0.02 -0.02 0.25 0.08 0.08 -0.19 -0.02 0.06 0.23 0.26 0.25 0.00 0.17 0.25 0.05 0.05 -0.12 0.30 0.31 0.28 027
6 0.02 -0.02 0.25 0.08 0.08 -0.19 -O.02J 0.98 0.95 1.001 0.26 0.25 0.00 0.17 0.25 0.05 0.05 -0.12 0.06J 1.92 1.75 1.871 0.28 0.27

l 1,89 0.35 0.357 0.08 0.18 0.50 0.48 0.49 0.14 0,22 1.06 1.00 1.08[ 0.40 0.46 0.07 0.25 0.34 0,30 0.32 0.13 0.23J 2.02 1.78
8 0.03 0.03 0.32 0.20 0.20 -0.09 0.05 0.94 0.95 0.981 0.28 0.30 " 0.04 0~19 0~28 0,21 0.23 0.04 0.181 1.94 1 74 1.841 0.30 0.30

DESCRIPTION OF ALTERNATIVES:

1 Northern Intake, ~trrier Configuration A
2 Northern Intake, Barrier Co¢~figuration B
3 Enlarged F~ebay with North Victoria Intake, Barrier Configuration B
4 Enlarged Forebay with Highway 4 Intake, Ban’i~" Config~atmn B

5 Northern Intake, Barrier Cc~flgura0on A, CVP ~e-in to Forebey Note; Ou~ined values indicate thatb~’riers are operating
6 Northern Intake, Barrier ConRgure~ion B, CVP tie-in to Forebay
7 Enlarged FoCebay with Nocth Victoda Intake, Barrier Cor~guration B, CVP 5e.in to Fo~ebay Note: Negative values indicate that water level decreases over
$ Enlarged Forebay with Highway 4 Intake, Barder Conflg~a~on B. CVP 1~e4n to Fot~oay the No.Action Alternative

321
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I

PHASE II MODELING

IMPROVEMENT IN MINIMUM AND AVERAGE i
WATER LEVELS

IN THE SOUTH DELTA                                                !

MIDDLE RIVER AT HOWARD ROAD

I

0.082: -0.08 0.08 1.52 1.40 1.57 1.32 1.26 1.39 1.44 1.611 .0.02 0.05 0.03 2.68 2.48 2.78 2.40 2.32 2.56 2.71 2.82~12.831 I3 -0.06 0.09 0.09 1.23 1.26 1.36 t.23 1.21 1.37 1.35 1.361 I 2’691 0.02 0.08 0.04 2.51 2~56 2.70 2.46 2.39 2.53 2.74 2~75I4 -0.06 0.08 0.07 1~37 1.31 1.45 1~25 1.20 1.32 1.35 1.40J J 2.71J -0.01 0.05 0.03J 2.57 2.48 2.72 2~41 2.36 2.52 2.71 2.75~

6 -0.07 0.09 0.101 1.67 1.55 1.71 1.34 1.26 1.34 1.52 1,651 ~ 2.841 0.10 0.20
0.191

2.79 2.55 2.88 2.29 2.22 2.33 2.71 2.9oI7 -0.06 0.11 0,131 1.39 1.30 1.47 1.17 1.09 1.16 1.26 1,401 I 2’661 0.20 0.27 0.24 2.63 2.45 2.76 2.38 2.28 2.41 2.57 2.76
8                           -0.01      0.12      0.12[    1.52      1.40      1.57      1.24      1.17      1.25      1.38      1.51J              12.841    0.14      0.23      0.21[    2.68      2.45      2.77      2.31      2.23      2.35      2.61      2.80

REPRESENTATWE DRY YEAR
ALT OCT NOV ~ JAN FEB MAR APR MAy JUN JUL AUG SEP OCT NOV DEC JAN FE~ MAR APR MAY JUN JUL AUG SEP

1
~-0.15

0.07-0.12 1.63 1.61 1.29 1.18 1.19 1.22 1.33 1.391 ~’~-0.06 0.02-0.02[ 2.81 2.59 2.40 2.29 2.29 2.45 2.62 2~69I2

~        -0.15

0.07 -0.t2 1.70 1.57 1.47 1.32 1.31 1.35 1.39 1.46, ] 2.811 -0.06 0.02 -0.02[ 2.89 2.66 2.59 2.45 2.43 2.58 2.69 2.77~

REPRESENTATIVE BELOW NORMAL YEAR
ALT              OCT      NOV       [~=C      JAN        FEll      MAR      APR       MAY       JUN        JUL      AUG       SEP                      OCT      NOV       DEC      JAN       FF..B      MAR      APR       MAY       JUN       JUL      AUG       SEP

2 -0.06 -O.01 -0.07 0.10 0.20

-0.0~1

1.55 1.41 1.33

1.33l

0.04 0.05 0.00 0.02 -0.01 0.05 0.11 -0.04 2.72 2.55 2.42

2.36l

0.00 0.00
3 -0.04 0.01 -0.05 0.11 0.21 -0.05 1.28 1~28 1.24 1.22 0.03 0.06 0.03 0.05 0.03 0.07 0.12 -0.03 2.58 2.62 2.50 2.44 0.00 0.02
4 -0.05 0.00 -0.05 0.09 0.19 1.39 1.32 1.26 1.24 0.02 0.03 0.00 0.02 -0.01 0~05 0.11 -0.05 2.61 2.54 2.44 2.37 0.00 0.01-0,07
5 -0.05 0.00 -0.06 0.11 0.21    -0.04 1.53 1.31 1.22 1.26~ 0.08 0.08 0.13 0.16 0.11 0.20 0.26 0.131 2.65 2.37 2.14 2.061 0.18 0.18
6 -0.06 0.00 -0.06 0.11 0.21 -0.041 1.71 1.49 1.36 1~391 0.08 0.06 0.13 0.16 0.11 0.20 0.26 0.13J 2.64 2.58 2~31 2.22J 0.18 0.167 .0.040.02-0.060.,30.24.0.0, ,.47,.25,.,. ,.,8,0.1,0.,0 0.220.230.200.260.320.,8,2.722.482.402.28,0.220.23
8 0.01 0.04 0.00 0.13 0.23 -0.021 1,56 1.35 1.26 1.27~ 0,09 0.09 0.16 0.17 0,15 0.22 0,29 0.151 2.73 2,48 2,33 2.23| 0.20 0.21

REPRESENTATWE ABOVE NORMAL YEAR
~.LT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FF~ MAR APR MAY JUN JUL AUG SEP

1.28] 0.11 0.05 -0.03 -0.02 0.05 0.02 0.05 -0.01 0,02 2.29 2.21 2.32 0.02 0.031 -0.14 -0.I0 008 0.06 0.13 0.04 0.061 1.22 t.18
2 -0.14 -0.10 0.08 0.06 0.13 0.04 0.061 1.32 1.29

1.441

0.11 0.05 -0.03 -0.02 0.06 0.02 0.05 -0.01 0.02 2.39 2.33 2.49 0.02 0.03
3 -0.13 -0.09 0.09 0.07 0.14 0.04 0.06~ 1.18 1.16 1.34 0.10 0.06 0.02 0.02 0.07 0.03 0.08 0.00 0.03 2.50 2.41 2.56 0.03 0.05
4 -0.11 -0.08 0.06 0.04 0.12 0.02 0.05j 1.24 1.21 1.36 0.09 0.04 -0.03 -0.02 0.05 0.01 0.06 -0.01 0.01 2.43 2.34 2.60 0.02 0.03
5 -0.12 -0.09 0.09 0.07 0.14 0.06 0.06~ 1.32 1.21 1.371 0.15 0.06 0.08 0.10 0.20 0.17 0.21 0.16 0.17 2.33 2.08 2.231 0.21 0.19
6 -0.12 -0.00 0.09 0.07 0.14 0.06 0.06~ I~40 1.31 1.501 0.15 0.06 0.08 0.10 0.20 0.17 0.21 0.16 0.171 2.42 2.22 2~39
7 -0.13 °0.09 0.12 0.10 0.16 0.08 0.08~ 1.16 1.12 1.28~ 0.17 0~08 0.19 0.20 0.27 0.22 0.28 0.20 0.231 2.38 2.31 2.39 0.25 0.26
8 -0.06 -0.03 0.12 0.09 0.16 0.07 0.09[ 1.25 1.21 1.37J 0.18 0.09 0.13 0.14 0.23 0~19 0.24 0.18 0.19L 2.33 2.25 2.33 0.23 0.21

REPRESENTATIVE WET YEAR
¯ LT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG $EP

2 -0.02 -0.07 0.05 -0.11 -0.11 -0.27 -0.131 1.52 1.53 1.5t 0.07 0.06 -0.05 -0.03 0.02 -0.03 -0.03 -0.16 -0.10 2.77 2.72 2.68 0.01 0.01
3 0.00 -0.06 0.06 -0.09 -0.09 -0.24 -0.11~ 1.34 1.50 1.46 0.06 0.07 -0.02 -0.02 0.03 0.01 0.02 -0.08 -0.05 2.73 2.71 2.72 0.01 0.02
4 -0.02 -0.06 0.04 -0.09 -0.08 -0.24 -0.111 1~44 1.48 1.46 0.06 0.04 -0.03 -0.03 0.01 -0.02 -0.02 -0.13 -0.07 2.74 2.70 2.71 0.01 0.01
5 0.00 -0.06 0.06 -0.10 -0.10 -0.26 -0.121 1.26 1.25 1.171 0.1t 0.08 -0.01 0.09 0.16 0.08 0.08 -0.06 0.02 2.39 2.42 2.t71 0.19 0.19
6 0.00-0.06 0.06-0~10-0.10-0.26-0.12~1.59 1.46 1.461 0.11 0.08 *0.01 0.09 0.16 0.08 0.08-0.06 0.021 2.79 2.69 2.S31 0.19 0.19
7 0.01 -0.03 0.08-0.10-0.09-0.25-0.11~1.43 1.42 1.341 0.13 0.11 0.02 0.14 0.22 0.18 0.19 0.0t 0.101 2.77 2.73 2.61 0.23 024
8 -0.01 -0.04 0.08 -0.04 -0.04 -0.21 -0.08[ 1.46 1.45 1.40J 0.12 0.09 0.02 0.11 0.18 0.12 0.13 -0.04 0.06L 2.72 2.74 2.54 0.21 0.21

DESCRIPTION OF ALTERNATIVES:

1 Northern Intake, Barrier ConSguration A
2 Northern Intake, Barde~- Configuration B
3 Enlarged F~’ebay with North Victoria Intake. Barrier Configuration B
4 Enlarged Forabay with Highway 4 Intake, Ban’iar Configuration B

$ Northern Intake, Barrier Configuratio~’l A. CVP tie-in to Forebay Note: OJl~inad value== indiclta that barriers are operating
8 Northern Intake. Bard~- Configuration B. CVP tie-in to Forebay
7 Enlarged Forebay with North Victoda Intake. Barrier Configuration B, CVP tie-in to Fotebay Note: Negative values Indicate that water level decreases
8 Enlarged Forebay with Higtlway 4 Intake, Bardar Conflgu~elJ~,~ B, CVP ~a4n to For~ay ~e No-Action Alternative
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’b v,,,~,A ~ .~VS~ i~ PHASE II MODELING

IMPROVEMENT IN MINIMUM AND AVERAGE

~ ~ ,... ~ IN THE SOUTH DELTA

/~~~

GRANTLINE CANAL AT TRAOY ROAD

~PRESE~A~E CRff~AL

0.08; 0.06 0.29 0.24 0.29 0.29 0.07-0.03 0,05 0.06 0.19 0.21 0.09-0.03 0.~ 0.0~ 0.14 0.15-0,23-0.24-0.19-0.140.13 0.14
0.83~ 0.06 0.29 0,24 0,76 0,82 0.93 0.71 0.69 0.76 0.72 0,7~ 1,51 -0.03 0.04 0,02 1.44 1,55 1.65 1.48 1.36 1.49 1,48 1.57
1.00~ 0.28 0.42 0.3~ 0.87 0.89 0.97 0.78 0,73 0,73 0.72 O,SC 1.72 0.01 0.07 0.04 1,46 1.56 1.65 1.50 1.38 1.45 1.47 1,58
0.81 0.10 0,30 0.23 0,75 0.80 0.91 0,71 0,67 0.70 0.68 0.7~ 1.58 -0.03 0.04 0,0~ 1.38 1.50 1.61 1.45 1.34 1.42 1,44 1,54
0.14; 0.11 0.~ 0.29 0,32 0.34 0,14 0.02 0.10 0.17 0.25 0.27 0.19 0.08 0.30 0.2~ 0.35 0.38 0.01 -0.07-0.02 0.09 0,35 0.38
0.91 0.11 0.34 0.29 0.80 0.85 0.94 0.71 0.66 0.70 0.68 0.77 1.55 0.08 0.30 0.2~ 1,42 1.57 1.69 1.54 1.40 1.48 1.52 1.64
1.21 i 0.50 0.~ 0.53 1,00 1,01 1.08 0.84 0.80 0.84 0.82 0.9~ 1,88 0,33 0.41 0,3~ 1.64 1.73 1.82 1.60 1.47 1.55 1.59 1.74
0,9~; 0.23 0.42 0,36 0.80 0.84 0.93 0.70 0.67 0.71 0,68 0.76 1.66 0,25 0.~ 0,32 1,52 1,63 t.74 1.51 1.37 1.46 1.50 1.65

~ -0.03 0.21 0.04 0,41 0,14 *0,08 *0.02 -0.01 -0.01 0.14 0,2~ 0.14 -0.07 0.02 -0.0~ 0.16 0.08 -0.23 -0,22 -0.21 -0.17 0.11 0.15
0.84 -0.03 0.21 0.04 0.96 0,70 0.72 0.64 0.62 0,67 0.66 0.7~ 1.61 -0.07 0.02 -0.0~ 1.55 1.26 1,48 1,39 1.37 1.42 1.44 1.55
0.92 0.22 0,30 0.29 1.06 0.90 0.83 0.71 0.69 0.66 0.65 0.77 1.61 -0,02 0,04 0.0~ 1.59 1,52 1.53 1,42 1.41 1.42 1,43 1~55
0.82 0.02 0.21 0.09 0.93 0.68 0.69 0,64 0.62 0.62 0,62 0,73 1,56 -0,07 0.01 -0.0E 1.52 1.35 1.45 L37 1.35 1.38 1,39 1.511
0.32 0.02 0.26 0.09 0.44 0,19 -0.03 0.03 0.04 0.08 0.21 0.27 0.37 0.01 0,29 0.03 0.38 0,20 0.00 -0,04 -0.03 0.07 0.32 0.38
0.88 0.02 0.26 0.09 1.00 0.76 0.77 0.63 0.61 0,62 0,61 0.73 1.61 0.01 0.29 0.0~ 1.52 1.29 1,45 t,45 1.43 1.46 1.47 1 61
1.05 0.45 0.52 0.52 1,21 t J0 1.00 0.77 0.75 0.77 0.75 0.86 1.80 0.29 0.38 0.31 1.78 1.63 1.72 1.52 1.50 1.54 1.54 1.68
0.8~ 0.15 0.33 0,22 1.00 0.80 0.77 0.64 0,61 0.63 0.62 0.73~ 1.70 0.20 0.32 0.21 1.62 1.41 1.56 1.42 1.40 1.44 1.44 1

0.10 0,~7 0,0~ 0.29 0.45 0.0~ -0.08-0,01 0,05 0.11 0.10 0,15 -0.02 0.01 .0.02 0,03 0.08 .0,04-0.27-0.25-0.20-0.16~0.00 0.00
0.10 0.17 0.09 0.29 0.45 0.0C 0.80 0.77 0,72 0.77 0,10 0.15 -0.02 0.01-0.02 0.03 0.08-0.04; 1.58 1.53 1.42 1.4~= 0.00 0.00
0.31 0.35 0.31 0.39 0.53 0.1C 0.90 0,83 0,78 0.84 0,09 0,18 0.02 0.04 0.02 0,06 0.10 -0,02 1.6t 1.55 1,45 1,42~ 0.01 0.02
0.14 0.19 0,13 0,29 0.44 0,0C 0.77 0.76 0,72 0.76 0.07 0,13 -0.02 0.00 -0.03 0.03 0.08 -0.05 1,55 1.50 1,40 1.37, -0.01 0.00
0.15 0.21 0.14 0,33 0,50 0.05 -0.03 0.04 0.10 0.19 0,19 0,22 0.12 0.17 0.09 0.30 0.36 0.22 -0.04 -0.08 -0.02 0,07 0.27 0,30
0.15 0.21 0.14 0.33 0.50 0.05 0.85 0.76 0.71 0,78 0.19 0.22 0.12 0.17 0.09 0.30 0.36 0.22; 1.55 1.60 1.48 1.41~ 0.27 0.30
0.53 0.56 0.~ 0.60 0.74 0.32 1.06 0.88 0.8~ 0.96 0.~ 0.42 0.35 0.37 0.33 0.40 0.45 0.31 1.81 1.65 1,54 1.59’ 0.34 0.38
0.27 0.32 0.26 0.41 0.57 0,13 0.85 0.76 0.71 0.78 0.22 0.27 0.26 0.28 0.25 0,34 0,39 0.25; 1.65 1 57 1 45 ~.48’ 0.30 0,33

-0,01 0,03 0,28 0.18 0.28 0.12 0.19 0,08 0,08 0,23 0.24 0,22 -0,05 -0.04 0.04 0,01 0.03 -0.02 0,01 -0.16 -0.16 -0.~3 ~ 03 0.03
-0.01 0,03 0.28 0.18 0.28 0,12 0,19 0.64 0.65 0.92 0,24 0.22 -0,05 -0.04 0,~ 0.01 0.03 -0.02 0.01 1.31 1,30 1.49 0, ~ 0.03
0.24 0.26 0.41 0.26 0.37 0.17 0.28 0,7~ 0.72 0.97 0,24 0.35 0.01 0.01 0.07 0.03 0.06 -0.01 0.03 1.34 1.34 1,5Q 0.04
0.04 0.08 0.29 0.18 0,29 0,11 0.19 0.63 0.~ 0.91 0,21 0.23 -0.05 -0.04 0.04 0,01 0.04 -0.02 0.00 1.29 1.28 1.45 0,02 0,~t
0,05 0.09 0,33 0.24 0,34 0,18 0,25 0.13 0,13 0.31 0,33 0,27 0,04 0.06 0.30 0.28 0.32 0.26 0.29 0.01 0.02 0.10 0,31 0,28
0.05 0.09 0,33 0,24 0.34 0.18 0.25 0.63 0,63 0.92 0.33 0.27 0.04 0,06 0.30 0.28 0.32 0,26 0.29 1,35 1.35 1.51 0.31 0.28
0.48 0.49 0,63 0,47 0.57 0.38 0.52 0.78 0.78 ~.08 0,49 0.59 0.32 0.33 0.41 0.36 0,42 0,33 0.38 1.43 1,43 1.66 0.39 0.40
0.17 0.21 0,42 0,30 0.40 0.24 0.32 0.63 0.64 0,92 0,37 0.37 0,23 0,24 0,34 0.31 0.37 0.29 0.32 1.33 1.32 1.55 0,34 0.33

R~R~ENTATIVE W~ Y~R

0,01 -0.06 0.20 0.03 0,02 -0.23 -0.08 -0.20 -0.05 -0.060, t6 0.17 -0.06 -0.04 0,02 -0.0~ -0.05 -0.20 -0.11 -0.45 -0.36 -0.38 0.02 0.01
0,01 -0,06 0,20 0.03 0,02 -0,23 -0.08 0.90 0,94 0.96 0,16 0.17 -0.06 -0.04 0.02 -0,05 -0,05-0,20 -0.11 1.89 1.78 1.78 0.02 0.0t
0.04 0.02 0,28 0.26 0,26 0,01 0.07 0.96 0.93 0.99 0,16 0,23 *0.01 -0.01 0,04 0.00 0.01-0.07 -0,04 L88 1.78 1.80 0.03 0.02
0.01 -0.06 0.19 0.08 0,07 -0.17 -0.05 0.89 0,90 0.94 0.13 0.16 -0.04 -0.04 0,01 -0.04 -0.04-0.~3 -0.07 t.84 1.74 1.75 0,01 0.00
0.03 -0.01 0.24 0.08 0.08 -0.19 -0.02-0.15 -0.03 -0.01 0.25 0.24 0.01 0.18 0.26 0,04 0.04 -0.t2 0.09 -0.28 -0.30 -0.23 0.29 0,30
0.03 -0.01 0.24 0.08 0.08 -0.19 -0,02 0.92 0.89 0.93 0.25 0,24 0.01 0,18 0.26 0.04 0.04 -0.12 0.0g 1.92 1.72 1,84 0.29 0.30
0.09 0.20 0.50 0.48 0.49 0,~4 0.23 1,01 0.93 1.01 0.40 0.46 0,07 0.27 0,36 0.31 0.33 0.15 0.26 1.99 1.75 1.85 0.36 0.38
0.04 0.04 0.32 0.20 0.20 -0.08 0,06 0.89 0.89 0.92 0,28 0.30 0.05 0.21 0.29 0,23 0.25 0.07 0,20 1.90 1.70 1.80 0,32 0,33

No~ern In~ke, Bard~ C~figuration B

Enlar~d Forebay wi~ Hig~ay 4 I~ake, Ba~i~ C~fig~at~on B

No~rn In~ke, ~i~ ~nfl~ra~on B, CVP ~e-in to For~ay

Enlar~d ~rebay wi~ Ht~y 4 I~ake, ~rder C~flg~a~ B. CVP ~e4n to For~ay ~e N~A~ion ~t~Uve
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TABLE C-15 (cont.)
PHASE II MODELING

WATER LEVELS
~ ~ ~,o ...... / ~;~" ~ IN THE SOUTH DELTA

REPRESENTA~VE CRK~AL Y~R

2 0.04 0.24 0.221 0.66 0.71 0.80 0.61 0.61 0.67 0.63 0.671 -0.01 0.06 0.051 1.20 1.26 1.33 1.20 1.13 1.2S 1.23 1.29!3 0.22 0.35 0,29! 0.76 0~77 0.83 0.67 0.65 0.64 0.63 0.69~ 0.03 0.0S 0.061 1.22 1.27 1.34 1.23 1.16 1.22 1.24 1.30I
4 0.06 0.24 0.21~ 0.65 0.69 0.77 0.60 0.59 0.61 0.$9 0.65~ -0.02 0.04 0.03~ 1.15 1.21 1.30 1.18 1.11 ~.19 1.20 1.25I5 0.09 0.27 0.2SJ 0.32 0.35 -0.09 -0.17 -0.04 0.02 0.25 0,281 0.07 0.20 0.23~ 0.37 0.39 .0.50 .0.51 -0.38 .0.28 0.36 0.39I6 0.09 0.27 0,2SI 0.70 0.74 0.82 0.60 0.58 0.60 0.58 0.661 0.07 0.20 0.23~ 1.26 1.33 1.41 1.27 1.17 1.23 1.27 1.38
7 0.40 0.52 0.46 0.88 0.87 0.93 0.72 0.71 0.73 0.71 0.78 0.25 0.31 0.31 1.39 1.43 1.49 1.31 1.23 1.30 1.33 1.43~
8 0.17 0.33 0.30 0.69 0.72 0.79 0.60 0.58 0.61 0.58 0.64 0.15 0.24 0.24 1.27 1.34 1.41 1.24 1.14 1.21 1.24

R@~SE~A~E D~ Y~R

1 -0.03 0.19 0.03 0.41 0.16 -0.30 -0.16 -0.13 -0.12 0.17 0.241 -0.04 0.04
2 -0.03 0.19 0.03 0.82 0.59 0.61 0.55 0.54 0.58 0.57 0.661 .0.04 0.04 .0.01 1.32 1.11 1.22 1.15 1.14 1.17 1.18 1.27
3 0.19 0.27 0.251 0.91 0.76 0.70 0.61 0.60 0.58 0.56 0.661 0.01 0.05 0.041 1.32 1.26 1.23 1.18 1.18 1.17 1.18 1.28~
4 0.01 0.18 0.071 0.79 0.57 0.57 0.55 0.~ 0.54 0.52 0.631 .0.05 0.02 -0.031 1.25 1.13 1.16 1.13 1.12 1.13 1.14 1.24]
5 0.03 0.22 0.081 0.43 0.21 .0.25 .0.11 .0.08 .o.0s 0.20 0.271 0.09 0.21 0.13~ 0.42 0.32 .0.48 -0.41 -0.37 .0.30 0.31 0.38~

8 0.12 0.28 0.17 0.86 0.68 0.66 0.54 0.53 0.53 0.51 0.62 0.13 0.23 0.16 1.37 1.21 1.30 1.!8 1.17 1.18 1.17 1.31
R@RESE~A~E BELOW NORMAL Y~R

1 0.0~ 0.14 0.08 0.24 0.38 0.01 -0.35 -0.20 -0.0~ -0.03 0.11 0.14 0.01 0.03 0.00 0.06 0.11 -0.02 -0.7~ -0.70 -0.56
2 0.09 0.14 0.08 0.24 0.38 0~01 0.67 0.66 0.63 0.68 0.11 0.14 0.01 0.03 0.00 0.06 0.11 -0.02 1.29 1.25 1.18 1.16 0.03 0.02

, 1.19 0.~ 0.033 0.27 0.30 0.26 0.32 0.45 0.10 0.75 0.72 0.69 0.74 0.11 0.17 0.05 0.06 0.05 0.08 0.13 0.00 1.29 1.27 1.21
4 0.11 0.15 0.10 0.23 0.37 0.00 0.63 0.65 0.62 0.08 0.12 -0.01 0.01 -0.01 0.04 0.10 -0.04 1.23 1.22 1.15 1.13 0.02 0.01
5 0.14 0.18 0.12 0.27 0.41 0.04~-0.30-0.16-0.04 0.031 0.16 0.19 0.17 0.20 0.14 0.22 0~28 0.17~-0.57-0.53-0.40-0.30]0~22 0.21
6 0.14 0.18 0.12 0.27 0.41 0~04~ 0~72 0.66 0.62 0~681 0.16 0.19 0.17 0.20 0.14 0.22 0.28 0.171 1.30 1.32 1.23 1.25~ 0.22 0.21
7 0.46 0.48 0.45 0.49 0.61 0.29~ 0.90 0.76 0.74 0.85 0~30 0.35 0.29 0.30 0.27 0.30 0.36 0.26 1.48 1.36 1.29 1.34~ 0.28 0.28
8 0.22 0.26 0.21 0.32 0.46 0.101 0.71 065 0.62 0.68 0.18 0.22 0.19 0.21 0.17 0.24 0.30 0.18 1.~ 1.29 1.20 1.23] 0.23 0.23

REPR~TA~E ABOVE ~RMAL Y~R
ALT ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ ~ ~ NOV ~ JAN

0.04 -0.43 -0.450.07 0.25 0.20 -0.02 -0.02 0.05 0.03 0.05 0.001 -0.01 0.02 0.23 0.17 0.20 0.11 0.18 0.00 -0.01
1.23 0.07 0.050.18 0.58 0.58 0.82 0.25 0.20 .0.02 -0.02 0.05 0~03 0.05 0.00 0.04 1.11 1.102 -0.01 0.02 0.23 0.17 0.20 0.11

3 0.20 0.21 0.35 0.23 0.27 0.15 0.26 0.64 0.64 0.87 0.25 0.31 0.03 0.03 0.08 0.04 0.06 0.01 0.05 1.15 1.14 1.26 0.08 0.07
4 0.02 0.05 0.23 0.15 0.20 0.09 0.17 0.57 0.57 0.80 0.22 0.19 -0.03 -0.03 0.04 0.01 0~05 -0.0t 0.02 1.09 1.08 1.21 0.05 0.03
5 0.05 0.07 0.27 0.20 0.25 0.15 0.221 0.05 0.03 0.141 0.30 0.24 0.07 0.05 0.20 0.21 0.18 0.19 0.22~-0.27 -0.2~ .0.2~! 0.26 0.23
6 0.05 0.07 0.27 0.20 0.25 0.15 0.221 0.SS 0.SS 0.elI

0.30 0.24 0.07 0.05 0.20 0.21 0.18 0.19 0.22~ 1.15 1.14 1.32
7 0.40 0.39 0.51 0.40 0.40 0.31 0.45~ 0.70 0.70 0.96 0.46 0.51 0.25 0.24 0.30 0.28 0.26 0.24 0.30~ 1.23 1.22 1.391 0.33 0.33
8 0.14 0.15 0.33 0.25 0.28 0.18 0.27[ 0.57 0.56 0.81 0.33 0.31 0.14 0.14 0.24 0.22 0.22 0~20 0.24[ 1.13 1.~2 1.29] 0.27 0.25

R@R~E~ATWE W~ Y~R
ALT ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ ~ ~ NOV ~ JAN

1 0.01 -0.07 0.20 0.02 0.01 -0.14 .0.05 -0.59 -0.33 -0.40 0.17 0.16 -0.04 -0.03 0.04 -0.02 -0.03 -0.14

0.00

2 0.01 -0.07 0.20 0.02 0~01 -0.14 -0.05 0.72 0.79 0.78 0.17 0.16 -0.04 -0~03 0.04 -0.02 -0.03 -0.14 -0.0S 1.44 1.43 1.38 0.05 0.03
3 0.04 0.01 0.29 0.21 0.19 0.00 0.04 0.76 0.78 0.81 0.17 0.21 0.01 0.00 0.07 0.02 0.05 -0.04 -0.02 1.43 1.43 1.39 0.06 0.04
4 0.01 -0.07 0.19 0.05 0.~ -0.12 -0.04 0.71 0.75 0.77 0.14 0.15 -0.02 .0.05 0.02 -0.03 0.00 -0.07 -0.04 1.40 1.39 1.35 0,03 0.01
5 0.02 -0.04 0.22 0.07 0.06 *0.12 -0.01~-0.54 -0.31 -0.36~ 0.22 0.21 0.01 0.12 0.21 0.05 0.04 -0.09 -1.05 -0.89 -0.92 0.23 0.22
6 0.02 -0.04 0.22 0.07 0.06 -0~12 -0.OlJ 0.74 0.74 0.76J 0.22 0.21 0.01 0.12 0.21 0.05 0.~ -0.09 0.001 t.46 1.38 1.431 0.23 0.22
7 0.08 0.16 0.47 0.38 0.37 0.08 0.13~ 0.81 0.78 0.82 0.36 0.40 0.06 0.20 0.31 0.23 0.24 0.06 0.11
8 0.03 0.00 0.29 0.15 0.14-0.06 0.02[ 0.71 0.74 0.74 0.24 0.25 0.03 0.14 0.23 0.13 0~14 0.00 0.07[ 1.42 1.38 t.40J 0.25 0.24

DE~RI~N OF ALTERNATNES:

1 No~ern intake. ~rder Conflgura=on A

3 Enlarged F~ebay wi~ No~ Vl~ri= Intake, ~rrier ~nflguration B
4 Enlar~d Forebay with Highway 4 I~ake, Ba~ C~fig~ation B

I Enla~d Foreb=y wi~ Hi~ay 4 I~ake. B=r~er C~flg~a=~ B, CVPteJn to For~ay ~e No-A~ion ~t~ve
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"J) +.=Tin,, ~ ,~\VE,~ +~’ PHASE II MODELING

T,,,=
IMPROVEMENT IN MINIMUM AND AVERAGE

I (-j ~ / ,.~,.o ~_
IN THE SOUTH DELTA

I ,~f ]
N~.X~--~+’~ ~ +,~+.+. :~. ~

INSIDE TOM PAINE SLOUGH

I
IMPROVEMENT TO AVERAGE WATER LEVEL (FEET) IMPROVEMENT TO MINIMUM WATER LEVEL {FEET)

REPRESENTATIVE CRrrlCAL YEARI ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV ~ JAN FE~ MAR APR MAY JUN JUL AUG SEP
1 0.1---~ 0.09 0,13 0,12 0.28 0,68 0.50 0.37 0.51 0.54 0,46 0.48 ~ 0.10 0.15 0,15 0,32 0.67 O,50 0,31 0,43 0.42 0.42 0,49
2 0.43 0.09 0,13 0,12 0.51 0.87 0.85 0.77 0.90 0,93 0,56 0.57 0.40 0,10 0.15 0.15 0.56 0,33 0,79 0,73 0.86 0.84 0.51 0.59
3 0,52 0.28 0,3t 0.37 0,64 0.96 0.98 0,86 0.95 0,88 0,58 0.64 0.5~) 0.32 0,36 0.42 0,68 0.95 0,98 0,81 0.89 0.79 0.51 0.64
4 0.26 -0.og -0,02 0,13 0.44 0.84 0.88 0.77 0.88 0,85 0.53 0,52 0.341 -0.03 0,04 0.10 0.48 0.84 0.87 0,73 0.84 0.77 0.47 0.52
5 0.30 O,21 0.25 0.25 0,35 0,60 0.33 0.30 0,48 0,52 0,29’ 0.28 0,29’i

0.19 0,23 0,23 0,35 0.60 0,36 0,27 0,42 0.45 0.25 0.27I 6 0.56 0,21 0,25 0.25 0,58 0,89 0,92 0.76 0.85 0.53 0.45 0,51 0,62 0.19 0.23 0,23 0,62 0.81 0,84 0.69 0.81 0.77 0.32 0.58
7 0,77 0,62 0,57 0,58 0,86 1,05 1~06 0,89 1~00 0.95 0.60 0,76 0.841 0,56 0,62 0.63 0,90 0,98 0~98 0.81 0.94 0.91 0.46 0,77
8    0+4~7:0.11 0,18 0.19 0,58 0.84 0.87 0.73 0.86 0.84 0.40 0.54     0.55! 0.15 0,22 0.23 0.62 0.76 0.79 0.66 0.81 0.78 0.27 0,56

REPRESENTATIVE DRY YEAR
ALT OCT NOV ~ JAN FF_B MAR APR MAY JUN JUL AUG SEP OCT NOV ~ JAN FEB MAR APR MAy JUN JUL AUG SEP

i 1 0,2tj 0.05 0.12 0,04 0.21 0,27 0.15 0.35 0.32 0,43 0,44 0.40 0.25 0,06 0.13 0,04 0.22 0.27 0.22 0,28 0,29 0.36 0,40 0,35
2 0+40 0.05 0,12 0,04 0,40 0.54 0,75 0.64 0.56 0.74 0,58 0.50 0.5¢ 0,06 0.13 0.04 0,45 0,56 0,74 0.57 0+52 0,69 0,53 0.45
3 0,53 0+25 0.32 0,23 0.53 0,71 0+83 0.73 0,65 0.73 0+57 0.54 0+5~ 0,29 0,36 0+27 0.57 0.75 0,82 0,66 0.59 0.67 0+49 0.47
4 0,28 -0,12 0.04 -0.15 0,32 0,43 0,65 0.64 0+56 0.70 0,52 0,46 0+3~ °0.08 0.10 -0.10 0,37 0.47 0,63 0.58 0,52 0,65 0.46 0,39
5 0,35 0.17 0+25 0.19 0,32 0,33 0816 0+27 0.23 0.36 0.33 0.20 0.34 0,13 0+22 0+14 0.29 0.31 0,12 0,22 0.20 0+33 0.29 0.14
6 0,52 0.17 0.25 0,19 0.52 0+66 0~84 0.62 0.54 0,66 0+48 0,46 0+55 0,13 0.22 0.14 0,54 0,68 0+82 0.53 0,47 0,61 0,41 0,41
7 0,69 0.48 0.56 0,45 0.76 0,95 1+08 0.76 0,69 0.82 0,62 0.64 0,8(: 0.51 0,60 0.49 0,80 1,00 1.08 0,66 0,60 0.75 0.54 0,58I 8 0,4..~6 0.06 0.19 0,08, 0,45 0.63 0,83 0.59 0.51 0.66 0,45 0,43 0,5._.~~. 0,03 0,22 0.08 0,54 0,67 0.82 0.50 0.43 0+61 0,38 0.37

REPRESENTATIVE BELOW NORMAL YEAR
ALT OCT NOV Cr=C JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV ~ JAN ~ MAR APR MAY JUN JUL AUG SEP

1 0,11 0,08 0.08 0+11 0.19 0.17 0.12 0,39 0,47 0.56 0,44 0.40 0.11 0.10 0.10 0.13 0.23 0.15: 0+20 0,35 0.42 0.51 0,38 0.43
2 0,11 0.06 0.08 0+11 0.19 0,17 0.82 0,79 0,78 0.92 0+44 0.40 0,11 0+10 0.10 0+13 0.23 0.15 0.83 0.74 0.74 0.69 0,30 0.43
3 0,34 0,29 0,28 0,27 0.40 0.37 0,88 0.87 0.86 1.01 0,43 0,52 0+37 0.34 0,33 0.32 0.45 0,31 0.89 0,83 0,81 0.96 0.36 0.53

I 4 -0,04 -0,08 -0.09 .0,02 0+15 0,1~ 0+71 0.78 0.78 0.91 0,38 0.36 0.00 -0.02 -0.03 0,04 0,21 0.09 0+72 0+75 0,73 0,89 0.33 0.37
5 0.19 0.21 0+19 0+26 0,32 0+0~ 0+13 0.31 0.40 0.60 0.32 0,32 0.18 0+18 0.17 0,22 0,32 0.02 0.0g 0+28 0,37 0.46 0.27 0,32
6 0.t9 0.21 0.19 0.26 0.32 0.0~ 0.92 0.78 0.75 0,92 0.32 0.32 0,18 0,18 0.17 0,22 0.32 0,02 0,92 0~70 0,68 0.84 0.27 0.32
7 0.59 0.53 0.51 0.54 0,64 0.65 1.13 0.90 0,89 1.10 0.54 0,71 0,63 0.57 0.56 0,57 0,69 0.52 1.14 0.81 0.82 1.03 0.46 0.74
8 0.14 0,12 0.10 0,19 0,26 0,2.z 0.go 0,74 0,73 0.89 0,34 0.39 0,18 0.15 0~13 0,21 0.31 0.17 0,91 0,65 0.66 0,82 0,28 0.42

REPRESENTATIVE ABOVE NORMAL YEARI ALT OCT NOV C~C JAN FF.8 MAR APR MAy JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 0.13 0.07 0,13 0.11 0,21 0.17 0.20 0.50 0.51 0.74 0.69 0,22 0.13 0.09 0.15 0.14 0.27 0.22 0,23 0.46 0.45 0.71 068 0.24
2 0.13 0.07 0,13 0,11 0.21 0,17 0.20 0.69 0.74 1.09 0.69 0.22 0.13 0.09 0.15 0.14 0.27 0.22 0.23 0~63 0.68 1,07 0.68 0.24
3 0.35 0.25 0.31 0,32 0.31 0.32 0.44 0.78 0.83 1.15 0.72 0.49 0.38 0.30 0,36 0.38 0,40 0,38 0,48 0,73 0,76 1,12 0.70 051
4 -0,02 -0.11 -0,02 0,04 0,07 0,12 0.20 0.69 0,74 1.07 0,56 0.20 0.01 -0.05 0,04 0.15 0,17 0.19 0~24 0,54 0.53 1.05 0.65 0.22
5 0.22 0.20 0.25 0,25 0.34 0,30 0,31 0,43 0.45 0.66 0,52 0.31 0.21 0,18 0.23 0.23 0.36 0.29 0,32 0,40 0.43 0,65 0.53 0.31I 6 0~22 0,20 0.25 0,25 0.34 0.30 0.31 0.67 0.71 1.07 0,52 0,31 0.21 0.18 0.23 0,23 0.36 0.29 0.32 0,60 0,65 1.02 0.53 0,31
7 0,61 0.49 0.57 0.54 0,55 0,54 0,71 0.82 0.87 1.23 0,77 0.77 0.65 0,54 0.62 0.59 0.63 0,59 0,76 0.74 0.78 1,17 0,70 0.80
8      0,15 0.10 0.18 0,19 0.26 0,22 0.32 0,65 0,70 1.03 0,53 0.37         0.18 0.13 0.22 0,22 0,32 0.27 0,37 0.57 0.63 0,99 0.46 0,40

REPRESENTATIVE WET YEAR
ALT OCT NOV ~ JAN FEB MAR APR MAy JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

1 0.22 -0,10 0.12 0.07 0.07 0,00 0.06 0.12 0.44 0.43 0.5~ 0.39 0.24 -0.08 0.14 0.09 0.09 0.04 0,10 0,13 0,34 0.38 0~50 0,41I 2 0.22 -0.10 0,12 0,07 0.07 0,00 0~06 0.74 0.95 1.04 0.55 0.39 0,24 -0.08 0.14 0~09 0,0g 0.04 0.10 0.67 0,86 1.01 0.50 0.41
3 0.28 0.18 0,38 0.22 0.21 0,10 0.18 0,77 0.94 1.08 0,54 0.54 0.26 0,21 0,41 0~28 0.27 0.19 0.24 0,69 0.84 1,04 0.48 0.55
4 0.17 -0,12 0.06 -0~12 -0.12 -0,17 -0,06 0.67 0.90 1,02 0,49 0.36 0,16 -0,03 0,15 -0.06 -0.06 -0.09 0,01 0.59 0.83 1,01 0.44 0,36
5 0,05 0,00 0.25 0.19 0.21 0,00 0.08 -0.03 0.4t 0.36 0,43 0,35 0.09 -0.03 0.21 0~16 0.18 -0,02 0.10 0,02 0.36 0.34 0.39 0.34
6 0.05 0,00 0.25 0.19 0.21 0,00 0.08 0.80 0,88 0.99 0.43 0,35 0,0g -0.03 0,21 0.16 0.18 -0,02 0.10 0,74 0,84 0.92 0.39 0.34
7 0.28 0,34 0,62 0,44 0,44 0,18 0,31 0.88 0,93 1.07 0.66 0.78 0.28 0,37 0.64 0.48 0,48 0.26 0,38 0,82 0.89 0.99 0.59 0,79I 8     0.15 -0.06 0,19 0,05 0.10 -0.11 0.03 0.74 0,88 0,96 0,48 0.45       0,15 -0.03 0,22 0,10 0.11 -0.07 0,09 0,67 0,86 0,89 0,39 0.46

D£SCRIPTION OF ALTERNATIVES:

Northern Intake. Barrier Conflguraton A

3 Enlarged Forebay with North Victoria Intake, Berder Configuration B
4 Enlarged Forebay with Highway 4 Intake, Bard~" Co~,fig~ratfon B

~ Northern Intake, Barrier Co~flgurat~o~ A. CVP tie-in to Forebay Note: ~utlinea wlue$indcate that barriers are operating
5 Northern Intake, B~rd~r ConSguration B, CVP tie-in to Forebay

8 Enlarged Forebay with Highway 4 Intake, Barber Contigutation B, CVP tie.in to Forebly ~te N~Action Alternative
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............ , (cont.)

.... WATER LEVELS

OLD RIVER AT VICTORIA CANAL

IMPROVEMENT TO AVERAGE WATER LEVEL (FEET) IMPROVEMENT TO MINIMUM WATER LEVEL (FEET)

REPRESENTATIVE CRITICAL YEAR
ALT      (~3’T NOV [~C JAN FEB MAR APR MAY JUN JUL AUG SEP          OCT NOV ~=C JAN ~ MAR APR MAY JUN JUL AUG SEP

1 -0.17" -0.11 0.10 o,o91 0.07 0.10 0.05 -0.01 0.02 0.06 0.05 o.o71 i-o,1---’~ -0.06 0.00 0.01 -0.04 -0.04 -0.10 -0.14 -0.11-0.08 -0~06 .0.06

3 0.05 0.08 0.22 0 181 0.15 0.14 0.16 0.08 0.09 0.08 0.05 0.07 !-0.18 -0.01 0.03 0.02 -0.12 -0.12 -0.13 .0.17 -0.14-0.13 -0.15 -0.15.
4 -0.10 -0.06 0.12 0.0g 0.08 0.09 0.13 0.05 0.06 0.07 0.03 0.05 -0.22 -0.05 0.00 0.0C -0.13 -0.13 -0.14 -0.18 -0.15-0.13 -0.15 -0.15~
5 -0.19-0.13 0.08 0.08 0.06 0.09 0.05-0.02 0.02 0~08 0.07 0.07 ! 0.10 0.16 0.23 0.24 0.17 0.19 0.12 0.01 0.04 0.13 0.17 0.181
6 -0.20:-0.13 0.08 0.081 0.05 0.09 0.14 0.06 0.07 0.12 0.07 0.071 !-0 01 0.16 0.23 0.2,1 0.06 0.08 0.09 -0.02 0.01 0.09 0.07
7 0.19i 0.22 0.35 0.291 0.26 0.25 0.29 0.17 0.17 0.22 0.18 0.201 i 0.07 0.28 0.34 0.33 0.12 0.13 0.13 0.01 0.04 0.12 0.10 0.121
8 -0.05 0.00 0.18 0.151 0.12 0.14 0.19 0.09 0.10 0.15 0. I0 0.111 i 0.07 0.22 0.28 0.2~ 0.08 0.10 0.11 -0.01 0.02 0.10 0.08 0.0gi

REPRESENTATIVE DRY YEAR
ALT OCT NOV DEC JAN FF.B MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FE~ MAR APR MAY JUN JUL AUG SEP

3 0.13 0.01 0.15 0.0~ 0.24 0.00 0.08 0.05 0.05 0.05 0.03 0.0~ j-0.14 -0.05 0.01 -0.0E -0.13 -0.14 -0.12 -0.17 -0.18 -0.13 -0.16 -0.15

5 0.061 -0.22 0.05 -0.1~ 0.12 -0.13 -0.13 -0.04 -0.03 0.02 0.06 0.0~ I 0.17 0.09 0.23 0.0~ 0.16 0.11 0.09 0.02 0.01 0.13 0.16 0.18
6 0.05l -0.22 0.05 -0.1~ 0.11 -0.14 -0.05 0.02 0.02 0.07 0.05 0.0~ I 0.06 0.09 0.23 0.0g 0.05 0.02 0.05 -0.02-0.03 0.08 0.06 0.08
7 0.25j 0.16 0.25 0.21 0.35 0.22 0.20 0.13 0.13 0.18 0.16 0.19 I 0.11 0.23 0.33 0.24 0.11 0.09 0.12 0.01 0.01 0.12 0.09
8 0.12-0.09 0.13-0.03 0.20-0.01 0.05 0.05 0.05 0.10 0.06 0.11 i 0.0~8 0.18 0.28 0.1~ 0.08 0.08 0.08-0.01 -0.02 0.09 0.07 0.0gi

REPRESENTATIVE BELOW NORMAL YEAR
ALT OCT NOV ~ JAN FF-B MAR APR MAy JUN JUL AUG SF-.P ~ NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP

1 -0.08 -0.02 -0.09 0.12 0.24 -0.09 -0.09 0.00 0.03 0.06i
0.05 0.06 -0.04 -0.02 -0.06 0.01 0.04 -0.05 -0.12 -0.14 o0.12 -0.08 .0.01 -0.01

2 -0.08 -0.02 -0.09 0.12 0.24 -0.09 0.02 0.08 0.05 0.131 0.05 0.05 -0.04 *0.02 -0.06 0.01 0.04 -0.05 -0.11 -0.16 -0.14 .0.08 -0.01 -0.01
3 0.10 0.14 0.10 0.21 0.31 -0.01 0.10 0.10 0.11 0.14l 0.04 0.08 -0.01 0.00 -0.02 0.03 0.06 -0.04 -0.13 -0.17 -0.16 -0.11 -0.01 -0.01
4 -0.04 0.01 -0.06 0.13 0.24 -0.09 0.02 0.07 0.07 0.11i 0.02 0.04 -0.05 -0.02 -0.05 0.01 0.04 -0.06 -0.14 -0.18 -0.16 -0.11 -0.02 -0.02
5 -0.10 -0.04 -0.11 0.10 0.23 -0.11 -0.12 0.00 0.02 0.041 0.06 0.05 0.17 0.20 0.15 0.25 0.28 0.18 0.09 0.01 0.03 0.14 0.23 0.25
6 -0.10 -0.04 -0.11 0.10 0.23 -0.11 -0.02 0.08 0.08 0.101 0.06 0.06 0.17 0.20 0.15 0.25 0.28 0.18 0.06 -0.02 -0.01 0.10 0.23 0.25
7 0.24 0.27 0.24 0.34 0.45 0.13 0.22 0.18 0.19 0.26! 0.20 0.24 0.28 0.30 0.27 0.35 0.38 0.27 0.12 0.01 0.03 0.14 0.31 0.33
8 0.02 0.07 0.02 0.19 0.31 -0.02 0.07 0.11 0.11 0.151 0.11 0.12 0.22 0.24 0.21 0.30 0.33 0.22 0.09 -0.01 0.01 0.11 0.27 0.30

REPRESENTATWE ABOVE NORMAL yEAR
ALT OCT NOV ~ JAN ~ MAR APR MAY JUN JUL AUG ~ OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

1 -0.18 -0.14 0.10 0.06 0.15 0.03 0.04 0.03 0.02 0 14! 0.13 0.04 -0.06 -0.07 0.00 -0.0t 0.01 -0.01 0.0Q!-0 11 -0.11 -0.06 0.01 0.01
2 -0.18 -0.14 0.10 0.06 0.15 0.03 0.04 0.07 0.06 0.211 0.13 0.04 -0.08 -0.07 0.00 -0.01 0.01 -0.01 0.00!-0.13 -0.13 -0.07 0.01 0.01
3 0.03 0.06 0.21 0.12 0.23 0.07 0.12 0.09 0.09 0.221 0.12 0.15 -0.03 -0.02 0.02 0.01 0.05 -0.01 0.011 -0.15 -0.14 -0.10 0.01 0.02
4 -0.13 -0.09 0.11 0.06 0.16 0.03 0.04 0.06 0.05 0.19j 0.10 0.05 -0.07 -0.06 0.00 -0.01 0.03 -0.02 0.001 -0.15 -0.15 -0.10 0.00 0.00
5 -0.20-0.16 0.08 0.06 0.14 0.02 0.03 0.02 0.01 0.13!~ 0.14 0.03 0.11 0.13 0.23 0.23 0.26 0.21 0.251 0.04 0.04 0.15 0.27 0.25
6 -0.20-0.16 0.08 0.05 0.14 0.02 0.03 0.06 0.05 0.191 0.14 0.03 0.11 0.13 0.23 0.23 0.26 0.21 0.25 0.00 0.00 0.12 0.27 0.25
7 0.19 0.21 0.35 0.26 0.36 0.21 0.27 0.17 0.16 0.34 0.29 0.30 0.26 0.27 0.33 0.31 0.38 0.29 0.341 0.03 0.03 0.15 0.34 0.35
8 -0.07-0.03 0.18 0.13 0.23 0.09 0.11 0.09 0.08 024 0.19 0.12 0.21 0.21 0.28 0.27 0.34 0.26 0.30:0.01 0.01 0.13 0.31 0.30

REPRESENTATIVE WET YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV ~:C JAN FEB MAR APR MAY JUN JUL AUG BEP

1 -0.02 -0.11 0.05 -0.14 -0.14 -0.34 -0.16 -0.09 0.02 0.02i 0.09 0.06 -0.08 -0.03 0.01 -0.09 -0.09 -0.24 -0.171 -0.21 -0.19 -0.17 0.00 0.00
2 -0.02 -0.11 0.05 -0.14 -0.14 -0.34 o0.16 0.03 0.09 0.12i 0.09 0.06 -0.08 -0.03 0.01 -0.09 -0.09 -0.24 -0.171 o0.21 -0.22 -0.19 0.00 0.00
3 0.01 -0.04 0.12 0.06 0.07 -0.10 -0.01 0.07 0.09 0 121 0.08 0.10 -0.03 -0.01 0.02 -0.04 -0.03 -0.12 o0.08j -0.22 -0.21 -0.19 0.00 0.01
4 -0.02 -0.11 0.05 -0.09 -0.08 -0.25 -0.10 0.03 0.06 0.101 0.05 0.05 -0.05 -0.03 0.00 -0.07 -0.07 -0.17 -0.1(~ -0.22 -0.22 -0.20 -0.01 -0.01
5 -0.01 -0.12 0.03 -0.16 -0.16 -0.36 -0.17 -0.09 0.03 0.0: -0.02 0.16 0.23 0.07 0.06 -0.16 0.05 -0.06-0.14 -0.05 0.24 0.26i’ 0.10 0.05
8 -0.01 -0.12 0.03 -0.16 -0.16 -0.36 -0.17 0.03 0.10 0.1~ 0.10 0.05 -0.02 0.16 0.23 0.07 0.06 -0.15 0.05; -0.06 -0.17 -0.06 0.24 0.26
7 0~04 0.07 0.26 0.20 0.22 -0.02 0.10 0.15 0.13 0~2( 0.23 0.25 0.05 0.24 0.32 0.25 0.27 0.08 0.21 -0.02-0.14 -0.03 0.31 0.35
8 0.01 -0.05 0.11 .0.03 -0.02 -0.21 -0.05 0.07 0.11 0.151 0.14 0.12 0.03 0.20 0.27 0.19 0.21 0.02 0.16 -0.04-0.16 -0.04 0.26 0.31

DESCRIPTION OF ALTERNATIVES:

1 Northern Intake. Barder Configuration A

3 Enl~.rged Fotebey with North Victoria ~take, Barrier Configuration B
4 Enlarged Fombay wffh Highway 4 Intake, Barrio" Configuration B

5 Northern Intake. Barrier Configuration A, CVP tie-in to Forebay Note: Outlined values indicate that barriers ere c~perating

7 Enlarged F~ebay with North Victoria Intake, Barrier Contiguratio~ B, CVP tie-in to Forebay Note: Negative values indicate that water level decreases
$ Enlarged Fotebay with Highway 4 Intake. Barrier Conflg~xation B, CVP tie,ln to For~ay ~e No-Action A~te~lative
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TABLE C-15 (cont.)

~,.~..~.~..:~"~y" ~ V~ ..... !.~~ PHASE II MODELING

IMPROVEMENT IN MINIMUM AND AVERAGE
WATE  LEVELS

/ ,,~ ~
IN THE SOUTH DELTA

~ ~ ~ ~: :: ~ OLD RIVER ATWOODWARD CANAL

WATER ~VEL (FEE~ [MP~ME~ TO MINIMUM WATER LEVEL (FEE~

REPRESENTATr’/E CRITICAL YEAR
ALT     OCT NOV DEC JAN ~ MAR APR MAY JUN JUL AUG SEP        OCT NOV [T~C JAN FEB MAR APR MAY JUN JUL AUG SEP

1 -0.09~ -0,07 0,05 0.041 0,02 0.05 0.02 -0.02 0.00 0.00 0.02 0.02 -0.1-’-~ -0,05 0,00 0.01 -0,04 -0.05 .0.08 -0.09 -0.08 -007 -0.06 -0 06
2 -0.10 -0.07 0.05 0.041 0~02 0.04 0.06 0,02 0,03 0.03 0,01 0.01 -0.21 -0.05 0.00 0.01 -0.10 -0,tl -0,10 -0.12 -0.11 -0.I0 -0,13 -0,13
3 -0.051 -0.03 0.07 0.05 0.03 0.04 0.06 0.02 0.02 0.02 0,00 0.01 -0.16 -0.02 0.01 0,02 -0,10 -0.11 -0.11 -0.13 -0.12 -0,12 .0.14-0.13
4 -0. t01 -0,08 0.04 0.03 0.01 0.04 0.06 0.01 0,02 0.02 0.01 0.01 -0.18 -0.06 -0.02 0.00 -0.12 -0.12-0.12 -0~14 -0.13-0.12 -0.14 -0.14
S -0,091 -0.06 0.05 0.05! 0.03 0.06 0.04 0.00 0.01 0.03 0.04 0.04 i 0.01 0,06 0.13 0.14 0.08 0~09 0.06 0.00 0.02 0.06 0.07 0.08I 6 -0. I01 -0.06 0.05 0,05 0.02 0,05 0.07 0.03 0.04 0.05 0.03 0.03 I -0,06 0.06 0.13 0,14 0.01 0.01 0,02 -0.04 -0.03 0.02 0.00 0.00
7 0,011 0.03 0~12 0.10 0.07 0.09 0.11 0,05 0.06 0.07 0.06 0.06 I -0.02 0,12 0.17 0,18 0.04 0.03 0.04 -0.02 -0,01 0.03 0.01 0.02
8    ~ -0,08 0.04 0,04 0,02 0,04 0.07 0.02 0.03 0.05 0.03 0.02 -0.0_.__~2 0,07 0.11 0.13 0.00 0.00 0.01 -0.05 -0.04 0.00 -0.02 -0.01

REPRESENTATIVE DRY YEAR
ALT OCT NOV DEC JAN WEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

1 ~0.02 -0.13 0.03 -0,O~ 0.05 -0.06 -0.06 -O,03 -0.02 -0.01 0.01 O.Ot ! -~6--.~.05 -0.10 0.0t -0.08 -0.06 -0.10 -0.09 -0.09 -0.0g -0.08 -0,07 -0.06I 2 0.02 -0.13 0,03 -0.0~ 0.05 -0.07 -0.02 -0.01 0.00 0,O1 0.01 0.0t -0.11 -0.10 O.01 -0.O8 -0.12 -0,18 -0.12 -0.13 -0.13 -0,11 -0.13 -0.t2
3 0.02 -0,08 0.04 -O.0E 0.07 -0.03 -0,01 0,00 0.00 0~00 0.00 0.00 ~ -0.11 -0.06 0.02 -0,04 -0.1t -0.13 -0.11 -0,14 -0.13 -0.12 -0.14 -0.t3
4 0.01 -0.13 0.02 -0.1C 0.04 -0,07 -0,03 -0.01 -0.01 0,00 0.00 0.00 -0.13 -0,10 -0.01 -0.08 -0.13 -0.16 -0.13 -0,15 -0,15 -0.13 -0.15 -0.14

6 0.02l -0.t2 0.03 -0,0~ 0.05 -0.06 -0.02 0.00 0.01 0.03 0.03 0.03 0.00 0.01 0,14 0,03 -0.01 -0,04 -0.01 -0.05 -0.06 0.01 -0.01 0.0t
7 0,071 -0,02 0.09 0,01 0,11 0.03 0.04 0.03 0.03 0,05 0,05 0.06 0,03 0,07 0~18 0.0g 0.03 0.01 0.03 -0.03 -0.03 0,03 0.00 0.03

I 8 0.02 -0,13 0.02 -0.1¢ 0.05 -0.07 -0.02 0.00 0.00 0.02 0.02 0,02 0.0.~.~0 0.03 0.12 0.05 -0.01 0,00 0.00 -0.06 -0.06 0,00 -0,03 -0,01
REPRESENTATIVE BELOW NORMAL YEAR

ALT OCT NOV DEC JAN WEB MAR APR MAY JUN JUL AUG SEP OCT NOV IT=C JAN FE~ MAR APR MAY JUN JUL AUG SEP
1 -0,06 -0,02 -0.06 0.05 0.13 -0.07 -0.06 -0.01 0.00 0.01; 0.01 0,02 -0.05 -0.02 -0.05 0.01 0.05 -0,05 -0.tl -0,09 -0.08 -0.07 -0.or 0.00
2 -0.06 -0,02 -0.06 0.05 0,13 -0,07 -0.01 0.03 0.02 0,04i 0.01 0.02 -0.05 -0,02 -0,05 0,01 0,05 -0.06 -0~13 -0.13 -0.12 -0.09 -0.01 0,00
3 -0.02 0,02 -0.02 0,07 0,14 -0,05 0,00 0,03 0.03 0.04 0,01 0,02 -0.02 0.00 -0,03 0.03 0.05 -0.04 -0.12 -0.13 -0,12 -0.10 -0.01 0.00I 4 -0.06 -0.02 -0.06 0.04 0.12 -0,07 -0,02 0.02 0.02 0.03 0,01 0.01 -0.06 -0.03 -0.06 0.00 0.03 -0.06 -0.14 -0.14 -0.13 -0.11 -0.03 -0.02
5 -0.05 -0.01 -0,05 0.06 0,14 -0,06 -0.05 0.01 0,01 0,02 0.03 0.03 0.07 0,10 0.06 0.15 0.18 0.09 0~03 0.00 0.01 0.06 0.13 0,15
6 -0.05 -0.01 -0,05 0.06 0,14 -0,06 -0,0t 0.04 0.04 0.05 0.03 0,03 0.07 0,10 0,06 0.15 0,18 0.0g -0,01 -0.04 -0.03 0.02 0.13 0.15
7 0,03 0,06 0.04 0.12 0,19 0.00 0.05 0.06 0.06 0.09: 0,06 0.07 0,13 0.15 0,12 0,18 0.21 0.12 0.02 -0.03 -0.02 0.05 0.15 0,18
6 -0,07 -0,02 -0~07 0,05 0.13 -0.07 -0,02 0,03 0,03 0.04; 0.03 0,02 0.07 0,09 0,06 0.13 0,16 0,07 -001 -0.06 -0,05 0.01 0.11 0,13

REPRESENTATIVE ABOVE NORMAL YEARI ALT OCT NOV DEC JAN WEB MAR APR MAy JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 -0.11 -0.09 0.05 0,02 0.08 0.01 0.01: 0.00 0,00 0.06 0,05 0.01 -0.07 -0.06 0.00 0.00 0.03 -0.01 0.00 -0.06 -0.08 -0.04 0.01 0.00
2 -0,11 -0.09 0,05 0,02 0,08 0.01 0,01 0,01 0.02 0.09 0,05 0.01 -0.07 -0,06 0~00 0.00 0,03 -0.01 0,00 -0.12 -0.11 -0,07 G.01 0,00
3 -0~06 -0.04 0,07 0.03 0.09 0.02 0.03 0,01 0.02 0.08 0,05 0.03 -0,03 -0,03 0.02 0~01 0.04 -0.01 0.0t -0,12 -0.12 -0.08 0.01 0,02
4 -0.11 -0.10 0.04 0.02 0.07 0.01 0.011 0.01 0.01 0,08! 0.05 0.00 -0,07 -0.07 -0.01 -0.01 0.01 -0,03 -0.02 -0.14 -0.13 -0.09 -0.01 -O.0t

i S -0.10 -0.08 0.0S 0.03 0.09 0.02 0.02 0.01 0.01 0.071 0.07 0,02 0.04 0.05 0.13 0,13 0.16 0.12 0.14 0.01 0.01 0.09 0.16 0,14
6 -0.10 -0.0e 0.05 0.03 0.09 0.02 0.02 0.02 0.03 0.101 0.07 0.02 0,04 0.05 0,13 0.13 0.16 0.12 0.14 -0.04 -0.04 0.0S 0.16 0,14
7 0,00 0.01 0,12 0,06 0.14 0,06 0.08 0,04 0,05 0.13! 0.11 0.08 0.11 0.11 0.18 0.17 0.20 0.14 0.18 -0.02 -0.02 0.07: 0.18 0,18
8 -0.12 -0.10 0,04 0,02 0.08 0.01 0,01 0.01 0.02 0.091 0.07 0.01 0.06 0,06 0.t2 0.12 o.ts 0.11 0.12 -0.05 -0.06 0.04 0.14 0,12

REPRESENTATIVE WET YEAR
ALT OCT NOV ~r=C JAN WEB MAR APR MAY JUN JUL AUG SEP OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP

1 -0,01 -0.05 0.01 -0.10 -0.10 -0.22 -0,11J -0.05 0,01 0,01i 0.03 0.02 -0,03 -0,03 0.00 -0,08 -0,08 -0.t7 -0.10 -0,13 -0.10 -0,1t 0.00 -0.01I 2 -0.01 -0.05 0.01 -0.10 -0.10 -0.22 -0.11j 0.00 0.04 0.06J 0.03 0.02 -0.03 -0.03 0.00 -0.08 -0.08 -0.17 -0.I0 -0.16 -0.14 -0.14 0.00 -0,01
3 -0,01 -0.04 0.02 -0.06 -0.06 -0,16 -0.071 0.01 0.04 0,06J 0.03 0.03 -0.02 -0.02 O,Ot -0.04 -0.04 -0.12 -0,07 -0.16 -0.14 -0,14 0.00 0.00
4 -0,02 -0.05 0,00 -0,10 -0.10 -0,23 -0,11i 0,00 0.03 0.051 0.02 0,02 -0,05 -0.04 -0.01 -0,08 -0,08 -0,17 -0.11 -0.17 -0.15 -0.16 .0.01 -0.03
5 -0,01 -0.04 0.01 -0,09 -0.09 -0.22 .0.10J -0.04 0.02 0,031 0.05 0.03 0,00 0,08 0, t3 0,03 0,04 -0,09 0,01 -0,04 -0.07 -0,03 0, t5 0.14
6 -0.01 -0,04 0,01 -0,09 -0.09 -0,22 -0.10:0,01 0.05 0.081 0.05 0,03 0,00 0.08 0,13 0.03 0.04 -0,09 0,01 -0.07 -0,11 -0,06 0. t5 O14
7 0.00 0.00 0.07 0,00 0,01 -0,12 -0.03i 0.04 0.05 0,09i 0.08 0.08 0.01 0.11 0,16 0.09 0.10 -0.03 0,06 -0.05 -0.11 -0,05 0.17 0.17I 8    -0.01 -0.05 0.01 -0.11 -0.11 -0.23 -0.12 0.01 0.04 0.07; 0.04 003      -0.02 0,06 0.11 0.04 0.05 -0.10 0.00 -0,08 -0.13 -0.08 0. t3 0.12

DESCRIPTION OF ALTERNATIVES:

Northern Intake. Barrier Configura~on A

3 Enlarged Fo~ebay with North Victoria lntaka, B=rder Configuration B
4 Enlarged Forebay with Highway 4 Intake, Bard~r Configuration B

S Northern Intake, B~rrier C~figuratio~ A. CVP ~e-tn to Forebay Note: Outlined v=l~ee ~dicata that barriers are operating
6 Norlhern Intake, Barrie¢ Configura~or~ B, CVP tie-in to ForebayI 7 Enlarged Fotebay with North Victoria intake, Ba~der Configura~o,’l B, CVP fie-in to Forebay Note: Nega6ve values indicate that water level decreasas ove~
I Enlarged Forebay with Highway 4 Intake, Bar~er Conflgucatio(1 B, CVP 6e-in to For~ay the No-Action Alternative
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d ’~//               ~ ",°.:t".’.’ ~.~. IN THE SOUTH DELTA
mGRA     E ~:ANA

~t "" ,T ,_           OLD RIVER AT SANTA FE RAILROAD

IMPROVEMENT TO AVERAGE WATER LEVEL (FEET) IMPROVEMENT TO MINIMUM WATER LEVEL (FEE1)
m

REPRESENTATIVE CRIT}CAL YEAR
&LT     ~ NOV O~C JAN FEB M~R APR MAY JUN JUL AU~ SEP      OCT NOV Dr:=c .JAN FF__B MAR APR MAY JUN JUL AUG SEP

1 -0.07 -0.06 0.02 0.03: 0.0t 0.02 0.01 -0.02 0.00 0.00 0.00 0.00i -0.09 -0.04 0.02 0.03 -0.01 -0.02 -0.04 -0.05 -0.04 -0.03 -0~03 -0.03 |2 -0.08 -0.06 0.02 0.03 0.00 0.01 0.03 0.00 0.or 0.01 0.00 0.00 -0.16 -0.04 0.02 0~03 -0.06 -0.07 -0.07 -0.06 -0.OB -0.07 -0.08 -0.08
3 -0.07 -0.05 0.02 0.031 0.00 0.01 0.03 0.00 0.01 0.00 .0.01 -0.01 -0.12 -0.02 0.02 0.03 -0.06 -0.07 -0.06 -0.09 -0.09 -0.08 -0.0g -0.0g
4 -0.07 -0.06 0.02 0.02 0.00 0.01 0.03 0.00 0.01 0.00 0.00 0.00 -0. t4 -0.05 0.00 0.02 -0.08 -0.0g -0.09 -0.10 -0.Og -0.08 -0.10 -0.10
5 -0.06 -0.05 0.03 0.031 0.01 0.03 0.03 -0.01 0.01 0.02 0.02 0.02i

-0.02 0.02 0.0g 0. f1 0.06 0.06 0.04 0.00 0.01 0.05 0.05 0.06
6 -0.07 -0.05 0.03 0~031 0.01 0.02 0.04 0.01 0.02 0.03 0.02 0.011 -0.07 0.02 0.0g 0.11 0.01 0.0t 0.01 -0.03 -0.02 0.01 0.00 0.00 m
7 -0.04.0.03 0.04 0.04 0.02 0.03 0.05 0.01 0.02 0.03 0.02 0.021 .0.04 0.06 0.tl 0.12 0.02 0.02 0.02.0.02.0.02 0.01 0.00 0.01 |8     -0.07 -0.05 0.02 0.03 0.01 0.02 0.04 0.00 0.02 0.02 0.01 0.011         -0.05 0~01 0.07 0.09 0.00 0.00 0.00 -0.04 -0.04 0.00 -0.0t -0.0t

REPREBENTATIVE DRY YF-~R
&LT ~ NOV ~ JAN FEB M~R APR MAY JUN JUL AUG SEP ~ NOV Dr::C JAN FEB MAR APR MAY JUN JUL AUG ~EP

1 001 -0.I0 0.01 -0.08! 0.02 -0.05 -0.04 -0.02 -0.03 -0.02 O.00 0.001 -0.02 -0.09 0,02 -0.05 -0.03 -0.08 -0.06 -0.06 -0.06 -0.05 -0.04 -0.04
2 0.00 -0.10 0.01 -0.081 0.02 -0.05 -0.02 -0.01 -0.02 -0.01 -0.01 0.00j -0.07 .0.09 0.02 -0.05 -0.08 -0.14 -0.08 -0.09 -0.09 -0.08 -0.09 -0.09 m
3 0.00 -0.10 0.01 -0.07: 0.02 -0.05 -0.03 -O.Ot -0.02 -0.01 -0.0t -0.01i -0.06 -0.05 0.02 -0.02 -0.07 -0.10 -0.08 -0.10 -0.10-0.09 -0.10 -0.1O I4 0.00 -0.10 0.01 -0.08: 0.02 -0.05 -0.03-0.01 -0.02 *0.01 -0.01 -0.011 -0.0g -0.09 0.00 .0.05 -0.09 -0.13 -0.0g -0.10 -0.10 -0.Og -0.11 -0.10
5 0.0t -0.10 0.01 -0.07 0.03 -0.04 -0.04-0.01 -0.02 0.00 0.01 0.02~ 0.06 -0.03 0.10 0.01 0.06 0.00 0.02 0.00 0.00 0.04 0.04 0.05
6 0.01 -0.t0 0.01 -0.07: 0.02 -0.04 -0.02 0.00 -0.01 0.01 0.01 0.0tl 0.00 -0.03 0.10 0.01 -0.01 -0.05 -0.01 -0.04 -0.03 0.00 -0.01 0.00
7 0.02 -0.07 0.03 -0.05 0.04 -0.02 -0.01 0.00 -0.01 0.01 0.01 0.02 0.01 0.0t 0.11 0.05 O.Ot -0.02 0.01 -0.03 -0.03 0.01 -0.0t O.0O
8 0.01 -0.10 0.01 -0.07 0.02 -0.04 -0.02 -0.01 -0.01 0.01 0.01 0.01 -O.Ot -0.02 0.08 0.01 ..:.0.01 -0.03 -0.01 -0.05 -0.05 -0.01 -0.02 .0.02

REPRESENTATIVE BELOW NORMAL YEAR i&LT OCT NOV DEC JAN FEB MAR ....~,~R MAY JUN JUL AUG SEP OCT NOV D~C JAN FEB MAR APR MAY JUN JUL AUG BEP
t -0.04 -0.02 -0.05 0.03 0.09 -0.06 -0.04 -0.01 0.00 0.00 0.01 0.01 -0.03 -0.01 -0.03 0.03 0.07 -0.04 -0.06 -0.05 -0.04 -0.03 0.01 0.00
2 -0.04 -0.02 -0.05 0.03 0.0g -0.06 -0.02 0.01 0.01 0.02 0.01 0.01 -0.03 -0.01 -0.03 0.03 0.07 -0.04 -0.0g -0.08 -0.08 -0.06 0.01 0.00
3 -0.04 -0.02 -0.04 0.03 0.00 -0.06 -0.02 0.00 0.01 0.0t 0.00 0.01 -0.01 0.00 -0.01 0.03 0.07 -0.04 -0.08 -O.0g -0.09 -0.07 0.00 0.00
4 -0.04 -0.02 -0.05 0.03 0.09 -0.06 -0.02 0.00 0.01 0.01 0.00 0.01 -0.04 -0.02 -0.04 0.01 0.06 -0.05 -0.10 -0.09 -o.0g -0.08 -0.01 -0.01
5 -0.03 -0.01 -0.04 0.03 0.10 -0.05 -0.04 0.00 0.01 0.0t 0.02 0.02 0.03 0.05 0.03 0.11 0.15 0.04 0.02 0.01 0.01 0.05 0.10 0.0g I6 -0,03 -0.01 -0.04 0.03 0.10 -0.05 -0.02 0.02 0.02 0.03 0.02 0.02 0.03 0.05 0.03 0.11 0.15 0.04 -0.01 -0.02 -0.02 0.02 0.10 0.0g
7 -0.02 0.00 -0.02 0.05 0.11 -0.04 0.00 0.02 0.02 0.03 0.03 0.03 0.07 0.08 0.06 0.12 0.16 0.05 0.01 -0.02 -0.02 0.03 0.10 0.10
8 -0.04 -0.02 -0.05 0.03 0.10 -0.06 -0.02 0.01 0.01 002 0.02 0.02 0.02 0.04 0.02 0.0g 0.13 0.02 -0.01 -0.04 -0.03 0.01 0.07 0.07

REPRESENTATIVE ABOVE NORMAL YEAR
&LT OCT NOV DEC JAN FEB MAR APR MAy JUN JUL AUG tEP OCT NOV ~C JAN FEB MAR APR MAY JUN JUL AUG SEP 1

1 -0.08 -0.07 0.03 0.00 0.05 0.00 0.00 0.00 -0.01 0.03 0.03 0.00 -0.06 -0.06 0.02 0.01 0.05 0.00 0.01 -0.04 -0.04 -0.01 0.01 0.02 i2 -0.08 -0.07 0.03 0.00 0.05 0.00 0.00 0.00 0.00 0.04 0.03 0.00 -0.06 -0.05 0.02 0.01 0.05 0.00 0.01 -0.08 -0.07 -0.04 0.01 0.02
3 -0.08 -0.06 0.03 0.00 0.06 0.00 0.00 0.00 0.00 0.04 0.03 0.01 -0.03 -0.03 0.03 0.01 0.04 -0.0t 0.01 -0.09 -0.08 -0.05 0.00 0.02
4 -0.08 -0.07 0.03 0.00 0.05 0.00 0.00 0.00 0.00 0.04 0.03 0.00 -0.06 -0.06 0.01 -0.01 0.03 -0.02 0.00 -0.09 -0.09 -0.05 0.00 0.01
5 -0.08 -0.06 0.03 0.01 0.06 0.01 0.01 0.01 0.00 0.04: 0.05 0.01 0.00 0.00 0.10 0.09 0.13 0.08 0.10 0.01 0.01 0.07 0.10 0.10
6 -0,06 -0.06 0.03 0,01 0.06 0.01 0,01 0.01 0.01 0,06 0,05 0.01 0.00 0.00 0. I0 0.0O 0,13 0.08 0.10 -0.03 -0.02 0,04 0. I0 0.10
7 -0.05 -0.04 0.05 0.02 0.07 0.01 0.02 0.01 0.0t 0.06 0.05 0.03 0.04 0,04 0,12 0.10 0,14 0.08 0.11 -0.02 -0.02 0.05 0.11 0,12 I8     -0.08 -0.07 0.03 0.01 0.06 0.01 0.01 001 0.01 005 0.04 0.01          0.01 0.00 0.08 0.07 0.11 0.06 0.08 -0.04 -0.03 0.03 0.08 0.06

REPRESENTATIVE WET YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

1 -0.01 -0.03 0.00 -0.08 -0,08 -0.16 -0,09 -0,03 0,0t 0.01 0,01 0,01 0.00 0.00 0.02 .0.06 -0.06 .0.14 -0.07 -0.06 -0.04 -0.04 0,02 0.01
2 -0.01 -0.03 0.00 -0.08 .0.08 -0.16 -0.09 -0.01 0.03 0.03 0.01 0,01 0.00 0.00 0.02 -0.06 -0.06 ,0.14 .0,07 -0,10 -0,08 -0.06 0,02 0.01 m
3 -0,01 .0.03 0,00.0,08 °0.07.0.16.0.06.0.010.03 0,03 0.01 0,01 .0.01 0.00 0.02.0.04.0.03.0.11.0,07.0.11.0.09.0,090,01 0.00 I4 -0.01 -0,03 0.00 -0.08 -0.08 -0,17 -0,0g -0.01 0.02 0.03 0.01 0.01 -0.02 -0.02 0.00 -0.07 -0.06 .0.t4 -0.0@ -0.12 -0.10 -0,090.00 -0.01
5 0.00 -0.03 0.01 -0.08 -0.07 -0.17 -0.06 -0.030.02 0.02 0.03 0.02 0.02 0.06 0.0@ -0.01 0.00 -0.00 -0.01 -0.02 -0.03 0.00 0.10 0.09
6 0.00 -0.03 0.01 -0,06 -0,07 -0,17 -0.08 0,00 0.04 0.04 0,03 0.02 0.02 0.06 0.09 -0.01 0.00 -0.09 -0.01 -0.05 -0.06 -0.02 0.10 0.09
7 0,00 -0,02 0.02 -0.05 -0,05 -0.14 -0,06 0.01 0.04 0.04 0.03 0.03 0.01 0.07 0,11 0.03 0.04 -0,06 0.00-0.04 -0.07 -0,03 0.10 0~10
6 -0.01 -0.03 0.01 -0.08 -0.08 -0.17 -0.09 0.00 0.03 0.04 0.02 0.01 0.00 0.05 0.07 -0.0, 0.00 -0.10 -O.O3 -O.06 -O.O0 -O.O4 O.O6 O.O6

m
mDESCRIETION OF ALTERNATIVES:

1 Northam Intake, Barrier Configuration A
2 Northarn Intake. Barn~" Configuration B m
3 Enlarged Forebay with North Victoria Intake. Barrier Configuration B
4 Enlarged Forabay with Highway 4 Intake. Barriar Configuration B

$ Northern Intake. Barrier Configuration A. CVP tia-in to Forebay Note: Outfined v~luea indicate that barrier= are operating
6 Northern Intake. Barrier Con6gura~on B. CVP tia-in to Forebay
7 Enlarged F~abay with Noah Victoria Intake. Barrier Configuration B. CVP tie-in to Forebay Note: Negative values indicate ~at water level decreaaee ova"
$ Enlarged Forebay with Hig~lway 4 Intake. Bardar Configuration B. CVP tie4n to Forebay ~e No-Action Alternative
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TABLE C-15 (cont.)

~, V PHASE II MODELING

I IMPROVEMENT IN MINIMUM AND AVERAGE
WATER LEVELS

i
~.~, "~ .......... / .~,’-;~,;. ~             IN THE SOUTH DELTA

I MIDDLE RIVER AT SANTA FE RAILROAD

I
IMPROVEMENT TO AVERAGE WATER LEVEL (FEET) IMPROVEMENT TO MINIMUM WATER LEVEL (FEET)

4 -0.07 0.00 0.011-0.02 0.00 0.01 -0.01 -0.01 -0.01 -0.01 -0.011 -0.02 0.03 0.03 -0.07 -0.07 -0.07 -0.07 -0.07 -0.08 -0.06 -0.08

I S I-O.OSJ -0.07 0.01 O.OtJ-O.01 0.02 0.01 -0.02 -0.01 0.01 0.01 O.01J 0,05 0.12 0,13~ 0.07 0,08 0.06 0.03 0.04 0.05 0.07 O.07J
6 ~ -O.09J -0.07 0.01 O.01J -0,01 0.01 0.03 0.00 0,00 0,02 0.01 0.01[ 0.05 0.12 0.13j 0.01 0.02 0.03 0.00 0.00 0.02 0.01 0.02~
7 J -0.16J -0.15 -0.05 -0.03[ -0.05 -0.02 0.00 -0.02 -0,02 0.00 -0.01 -0.02 0.07 0.12 0.13 0.02 0.02 0,02 -0.01 -0,01 0.01 0.01 0.01~
8 J-O.O8J -0,07 0,01 0.01| -0 01 0.01 0.02 0.00 0.00 0.02 0.01 0.00 0,05 0.10 0.1 O.Ot 0.02 0,02 -0.01 .0,01 0.00 0.00 0.01

REPRESENTATIVE DRY YEAR
ALT OC~ NOV ~C JAN ~-S MAR APR MAVJUN JUL AUG SEP ~ ROY ~T=CJAN ~.a MAR ~PR MAYJUN JUL AUG SEP

I J~’~-0.12-0.01 -0,101 0.00-0.07-0.06-0.03-0.03-0.02-0.01-O.01J I~"~-0.06 0.04 -0.031 O.00-0.05-0.04-0.03-0.03-0.04-0,03-0.021
, 2 [-0.01[-0.12-0.01-0.10[0.00-0.07-0.04-0.02-0.02 -0.01-0.02-0.01, [-0.06[-0.06 0.04-0.03[-0.05-0.11-0.07-0.07 -0.06-0.08-0.08-0.08[

I I -0.01[ -0.05 -0.07 -0.06 -0.08 -0.08 -0.09 -0.09-0.09I3 [ -0.02t -0.17 -0.03 -0.14 -0.02 -0.11 -0.06 -0.03 -0.03 *0.02 -0.02 -0.02 1-0’071 -0.03 0.03
-o.0g-0.04 -0.07 -0.I0 -0.06 -0.OS -O.0S -0.09 -0.09 I4 [ -0.011 -0.12 -0.01 -0.09 0.00 -0.0S -0.04 -0.02 -0.03 -0.02 -0.02 -0.02~ I "0"071 -0.06 0.02

5 I 0.00[-0.12 0.00-O.0g 0.01 -0.06-0.05-0.02-0.03 -0.01 0.01 0.01J I 0.07J 0.01 0.11 0.03 0.07 0.03 0.04 0.03 0.03 0.04 0.0S 0.07
6 I 0.00[-0.12 0.00-0.09 0.01 -0.06-0.04-0.01-0,02 0.00 0.00 0.00J I 0.02J 0.01 o.11 0.031 0.02-0.02 0.01-0.01 .0.01 0.01 0.01 0.011

i 7 J-0.04l-0.21 -0.05 -0.18-0.04 -0.15-0.0g-0.03-0.04 -0.02-0.02-0.02 ] 0.021 0.03 0.11 0.0S 0.03 0.00 0.02-0.02-0.02 0.00 0.00 0.00
8 I 0.001 -0.12 0.00 -0.0g 0.01 -0.06 -0.04 -0.01 -0.02 0.00 0.00 0.00 I 0.01J 0.01 0.10 0.03 0.02 -0.01 0.01 -0.02 -0.02 0.00 -001 0.00

REPRESENTATIVE BELOW NORMAL yEAR
~.LT OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SIEP OCT NOV DEC JAN FF_B MAR APR MAY JUN JUL AUG SEP

1 -0.06 -0.04 -0.07 0.02 0.07 -0.07 -0.05 -0.02 -0.01-0.0~! -0.01 -0.01 0.00 0.02 0.00 0.06 0.10 °0.02 -0.05 -0.03 -0.03
-0.06 0.032 -0.06 -0.04 -0.07 0.02 0.07 -0.07 -0.03 0.00 0.00 0.0¢} -0.01 -0.01 0.00 0.02 0.00 0.06 0.10 -0.02 -0.07 -0.06 -0.06 0.03

-0.03 -0.07 -0.08 -0.08 -0.07 0.01 0.02-0.01 ,0.02 .0.013 -0.10 -0.07 -0.11 0.00 0.06 -0.09 -0.05 -0.01 -0.01 0.01 0.02 0.01 0.05 0.09I -0.07 0,01 0.014 -0,06 -0.04 -0.07 0.02 0,07 -0.07 -0.03 0.00 0.00 -0,01 -0.01 -0.01 0.00 -0.01 0.04 0,08 -0.04 -0.08 -0.08 -0.08
5 -0.05 -0.03 -0.06 0.03 0.08 -0.06 -0.04 -0.01 0.00 0.001 0.00 0.00 0.06 0.08 0.06 0.13 0.18 0.04 0.03 0.03 0.11 0.12
6 .0.05 -0.o3 -0.06 0,03 0.06 .0.06 .0.03 0.01 0.01 0.011 0.00 0.00 0.06 0.08 0.06 0.13 0.18 0.06J 0~00 .o,oi .O.Ol o,o2] 0.11 0.12
7 -0.13-0.10-0.14-0.02 0.04-0~11 -0.07-0.01-0.01 -0.02~-0.02-0.03 0.08 0.10 0.08 0.13 0.18 0.06 0.01 -0.02-0~01 0.02~ 0.10 0.11
8 -0.05 -0.03 -0.06 0.03 0.08 -0.06 -0.02 0.00 0.01 0.011 0.00 0.00 0.05 0.07 0.05 0.12 0.16 0.04 0~00 -0.02 -0.02 0.011 0.09 0.10

~.LT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 -0.10 -0.09 0.01 0.00 0.04 -0.02 -0.02 -0.01 -0.01 0.01 -0.010.01 -0.03 -0.03 0.05 0.03 0.07 0.01 0.031 -0.03 -0.02

-0.04 0.03 0.042 -0.10 -0.09 0.01 0.00 0.04 -0.02 -0.02 -0.01 -0.01 0.03 0.01 -0.01 -0.03 -0.03 0.05 0.03 0.07 0.01 0.03 -0.06 -0.06
3 -0.15 -0.13 -0.01 -0.02 0.02 -0.03 -0.04 -0.02 -0.02 0.02 0.01 -0.04 -0.01 -0.01 0.05 0.02 0.06 0.00 0.03 -0.08 .0.07 -0.0.= 0.02 0.04

-O.OE4 -0.10 -0.09 0.01 0.00 0.04 -0.02 -0.01 -0.01 0.0E 0.01 -0.01 -0.03 .0~03 0.04 0.01 0.05 -0.01 0.01 -0.08 -0.07 0.01 0.02
5 -0.10 -0.08 0.01 0.00 0.05 -0.01 -O.OlI 0.00 .0.01 0.0 0.03 -0.01 0.03 0.04 0.13 0.11 0.15 o.og 0.03 0.03 0.08 0.12 0.12i 6 .0.I0 .0.06 0.01 0.00 0.05 .0.01 .0.011 0.00 0.00 0.04[ 0,03 -0.01 0.03 0.04 0.13 0.1t 0.15 O.0g 0.111-0.01 -0,01 0.05J 0.12 0.12
7 -0.Ig -0.17 -0,04 -0.03 0.01 -0.04 -0,06J-0.02 -0.02 0.011 0.00 -0.07 0,05 0,06 0.13 0,11 0.15 o.og 0.12]-0,01 -0~01 0.041 0.11 0.13
S -0.I0 -0.06 0.01 0.00 0.04-0.01 -0.011 0.00 0.00 0.041 0.03 -0.01 0.03 0.03 O. tt 0.09 0.13 0.07 0. I0~-0.02-0.02 0.04J 0,10 0.10

REPRESENTATIVE WET YEAR
~LT C~T NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

-0.04 -0.05 -0.01I 1 -0.01 -0,04 -0.02 -o~og -0.09 -0.18 -0.001 -0.03 0.0t O.OOJ 0.00 0.00 0.02 0.02 0,04 -0,04 -0.03 -0.1 1
-0.062 -0.01 -0.04 -0.02 -0.09 -O.OS -0.18 -0.0gI 0.00 0.03 0.021 0.00 0.00 0.02 0.02 0.04 -0.04 -0.03 -0.11 -0.04 -0.06 -0.05 0.03 0.02

3 -0.01 -0.06 -0.03 -0.14 -0.13 -0.22 -0.111 -0.01 0.02 0.02~ 0.00 -0.01 0.00 0.01 0.03 -0.01 -0.01 -0.10 -0.05 -0.09 -0.07 -0.0~ 0.02 0.01
" 4 -0.01 -0.04 -0.02 -0.09 -0.09 -0.18 -O.09J -0.01 0.02 0.02~ 0.00 0.00 0.00 0,00 0.02 -0.04 -0.03 -0.12 -0.06 -0.09 -0.07 -0.0~ 0.01 0.01

5 0.00 -0.04 -0.01 -0.0S -0.OS -0.16 -0.06J-0.02 O.0t 0.01~ 0.02 0.01 0.04 0.08 0.11 0.03 0.03 -0.07 0.02J 0.01 0.00 0.02 0.12 0.11
0.041 0.01 0.04 0.08 0,11 0,03 0.03 .0.07 0,02[-0,02 .0.04 -0.01[ 0.12 0,116 0.00 -0.04 -0,01 -0.08 -0.06 -0.18 -O~08J 0.01 0.03 0.02

I 7 -0.01 -0.07 -0.05 -0.17 -0.17 -0.24 -0.13 -0.02 0.02 0.02 0.00 -0.03 0.02 0.08 0.11 0.05 0.05 -0.06 0.02~-0.03 -0.06 -0.03[ 0.11 0.11I
8 0.00-0.04-0.01 -0.08-0,08-0.18-0.08 0.00 0.03 0.03| 0.02 0.01 0.02 0.06 0.09 0.03 0.04-0.08 0,00~-0.03-0,05-0.0210.10 O.Og

DESCRIPTK:)N OF ALTERNATIVES:

1 Northern Intake, Barrier ConEgurafion A
2 Northern Intake, Bard~ Co~figuretion B
3 Entarged F~ebay with North Victorie Intake, Barrier Configuration B
4 Enlarged Forebay with Highway 4 Intake, Ban’i~" Configuration B

$ Northern Intake. Barrier Co~flgur=tio~ A, CVP fie-in to Forebay Note: ~ufiined vatue$ indicate that barriere are operating
$ Northern Intake, Barrie~ ConSgura~on B, CVP fie.in to ForebayI 7 Enlarged Forebay with North Victo~a Intake, Barrier Configuratio~ B, CVP tie.in to F~ebay Note: Negative values indicate that water level decreases
8 Enlarged Forebay with Highwey 4 Intake, Harder Contlguration B, CVP fie-in to Forebey the No.Action Alternitive
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PHASE II MODELING

IMPROVEMENT IN MINIMUM AND AVERAGE

~ ~ )) ~ ~,~,.. ~ ~ IN THE SOUTH DELTA

REPRESENTATIVECRff~AL Y~R

3 0.07 0.15 0.161 0.44 0.39 0.42 0.37 0.39 0.39 0.38 0.3gI 0.0S 0.0g 0.08~ 0.64 0.61 0.65 0.60 0.Sg 0.65 0.64 0.66]
4 0.00 0.09 0.10~ 0.36 0.34 0.38 0.32 0.35 0.37 0.35 0.36~ -0.01 0.05 0.041 0.56 0.56 0.61 0.55 0.54 0.61 0.60 0.611

0.14 0.67 0.66 o.70 0.61 0.57 0.61 0.63 0.696 0.02 0.12 0.15 0.42 0.3~ 0.42 0.34 0.34 0.35 0.34 0.38 0.04 0.12
0.227 0.15 0.23 0.26 0.53 0.46 0.47 0.40 0.42 0.44 0.43 0.45                0.15 0.20 0.76 0.72 0.75 0.66 0.~ 0.68 0.70

8 0.05 0.14 0.16 0.40 0.37 0.40 0.32 0.33 0.35 0.33 0.36 0.06 0.13 0.14 0.65 0.64 0.68 0.58 0.55 0.59 0.61 0.67
R@~SENT~TWE D~ Y~R

’LT ~ NOV ~ JAN ~ "R "PR "Y JUN JUL ’~ ~ ~ ~V ~ JAN

3 0.06 0,13 0.10 0.46 0.38 0.36 0.36 0.36 0.33 0,31 0,38 0,03 0.06 0.07 0.68 0,63 0,58 0.60 0.60 0.Sg 0.57 0.65
4 I 0.361 -0.03 0,08 0.00J 0,3g 0,27 0.28 0,31 0.31 0,30 0.28 0.35 -0.05 0.02 -0.02J 0.61 0.52 0,51 0.55 0,54 0,55 0,53 0.61J
5 ~ 0,1g~ 0,01 0,11 0.04j 0.23 0,12 1.35 0,g5 0.87 0.83 0.08 0.161 0.0t 0.12 0.05J 0.24 0.15 1.86 1.46 1.38 1.37 0,10 0.18~

7 0.17 0.22 0.21 0.56 0.51 0.46 0.3g o,3g 0,38 0.35 0.42 0.14 0.1g 0.1g 0.82 0,74 0.73 0,66 0.66 0.65 0.62 0.72

~LT8 ~ 0,03~V 0,13~
0.07jAN

0.45~ 0.35~R 0,34ApR 0.30~y 0.30jUN 0,28jUL R~RESE~A~E026A~ 0,33~
BELOW~NORMAL0"03NOV y~R0"12~ 0.07jAN

0,70

2 0.03 0,07 0.02 0.10 0.17 0.00 0.3t 0.35 0.37 0.39 0.0~ 0,07 0.01 0,04 0.01 0.06 0.11 -0,01 0.59 0.59 0.58 0.58 0.05 0,04
0,61 0.07 0.053 0.12 0,14 0.10 0.14 0,20 0,05 0.35 0.38 0.41 0,10 0,090.44 0.06 0.08 0.06 0.08 0.13 0,01 0,60 0,61 0,62

4 0.03 0.06 0.01 0,09 0.16 -0.02 0.29 0,34 0.36 0,06 0.06 -0.01 0.01 0,00 0,04 0.10 0.54 0.57 0.57 0.56 0.~ 0.02
5 0,07 0,10 0.05 0,!2 0.19 0,0 1.52 1.27 1,02 1.10~ 0,09 0,10 0.08 0.11 0.07 0.12 0,~8 o,o71 2.12 1.85 1,50 1,54 0,12 0,12
6 0.07 0,10 0.05 0.12 0.19 o.o31 0.36 0.36 0.36 0,41~ 0.09 0.10 0,08 0.11 0.07 0.12 0.18 0.071 0.62 0,63 0.61 0.631 0,12 0,12
7 0.23 0.25 0,20 0.22 0,28 0,17[ 0.45 0.42 0.44 0.51~ O.lg 0.18 0.20 0.22 0,18 0.fg 0,24 0,16 0.~4 0.68 0.68 0.72( 0.18 0.iS
8 0.10 0,13 0,08 0,14 0.20 0,05~ 0.34 0,34 0.35 0.39J 0.10 0,10 0.08 0,11 0.08 0.12 0.18 0,07 0,61 0.61 0,59 0.61J 0,11 0,12

REPRES~TATIVE ABOVE ~RMAL Y~R
~LT ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ ~ ~ ~V ~ JAN

1 -0,02 0.00 0.09 0.09 0.08 0.05 0,08 0.75 0.78 t.16 0.19 0.09 -0.01 -0.01 0.06 0.04 0.04 0.02 1.23
2 -0.02 0.00 0.09 0.09 0.08 0.05 0.08 0,36 0.36 0.47 0.1g 0.09 -0,01 -0.01 0.06 0,04 0,~ 0.02 0.04 0,57 0.56 0.64 0.10 0.05
3 0,07 0.07 0,14 0,12 0.10 0.08 0.121 0.42 0.42 0,50 0 20 0,14 0.05 0.04 0.09 0.06 0.05 0.03 0.0~ 0.62 0,61 0.67 0.13 0.08
4 -0.01 0.00 0.0~ 0.08 0.08 0.04 0.07] 0.36 0.36 0.45 0.17 0.08 -0.03-0.02 0.~ 0.02 0.03 0.00 0.0~ 0.56 0.55 0.62 o.0g 0.02
5 0.02 0.02 0.11 0.11 0.10 0.08 0.11J 0.77 0.79 1.17J 0.20 0.12 0.02 0.03 0.12 0.t2 0.08 0.0g 0.1~ 1.25 1.27 1.61 0.18 0.13
6 0.02 0.02 0.11 0.11 0.10 0.08 0.111 0.35 0.35 0.481 0.20 0.12 0.02 0.03 0.12 0.12 0.08 0.0g 0.12J 0,5g 0,58 0.69J 0,18 0.13
7 0.17 0,15 0.22 0~22 0,16 0.15 0.22[ 0.46 0.45 0,56 0.30 0.25 0,15 0.14 0.20 0.19 0.12 0,14 0.191 0.68 0.67 0.76 0.25 0.22
8 0.04 0.05 0.13 0.12 0.10 0.08 0.13[ 0.35 0.34 0.46 0.20 0.14 0.05 0.04 0.12 0.12 0.09 0.09 0.121 0.58 0.57 0,67 0.17 0.13

R~R~E~A~E W~ Y~R

2 0,02 -0.06 0,13 -0.02 -0.02 -0.07 -0.02~" 0,30 0.38

0.34~

0.13 0.08 -0.01 -0.03 0.0S -0.01 -0.02 -0,0S -0,02I’ 0,59 0.67

0.6~l

0.07 0.04
3 0.04 0.01 0+21 0.06 0.05 -0.02 0.00~ 0.32 0.38 0.36 0.14 0.11 0.03 0.01 O. tl 0.04 0.03 -0.01 -O.OII

0.59 0.67 0.61 0.09 0.05
4 0.01 -0.07 0.12 -0.02 -0.01 -0.06 -0.02~ 0.29 0~36 0.33 0.11 0.07 -0.01 -0.05 0.~ -0.02 -0.02 -0.04 -0.02~ 0.56 0.~ 0.58 0.06 0.02
5 0.01 -0.04 0.15 0.01 0.00 -0.06 -0.01~ 2.42 1.79 2.08 0.14 0.11 0.01 0.03 0.13 0.02 0.01 -0.03 0.00~ 3.07 2.51 2.78 0.15 0.12
6 0.01 -0.04 0.15 0.01 0.00 -0.06 -0.01~ 0.31 0.35 0.331 0.14 0.11 0.01 0.03 0.13 0.02 0.01 -0.03 0.00~ 0.59 0.62 0.62~ 0.15 0.12
7 0.05 0.09 0.32 0.14 0.12 0.Or 0.03J 0.35 0.37 0.36 0.24 0.20 0~05 0.12 0.24 0.13 0. it 0.02 0.03 0.62 0.65 0.64~ 0.21 0.18
8 0.01 -0,03 0,17 0.03 0.03 -0.04 0,00[ 0.30 0,35 0.32 0.14 0.12 0.01 0.03 0.13 0.04 0.03 -0.02 0,01 0.56 0~61 0.60J 0.14 0.11

DE~RI~N OF ALT~NATWES;

No~ern Intake, ~rder Configurl~on A

3 Enlarged F~ebay wi~ No~ Vi~ril ~taki, ~rrier ~nflguration B
4 Enlar~d Forebay wi~ Highway 4 I~ake, Ba~i~ C~fig~a6on B
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~ ’ ~~--OJ / ,,~== ....... #. -~ TABLE C-15 (cont.)

~) ~�,o~,, -k~,,~" ~\Vj~O #P PHASE II MODELING

IMPROVEMENT IN MINIMUM AND AVERAGE

REPRESE~E CRF~AL
~ NOV ~ ~N ~ ~R ~PR ~Y JUN JUL A~ S~ ~ NO~ ~ ~AN ~ ~R APR ~Y JUN JUL A~ SEP
0.0~-0.0~ 0.06 0.07 0.10 0.~0 0.86 0.72 0.57 0.52 0.0~ 0,0~ 0.0~ 0.00 0.07 0.07 0.09 0.~0 1.37 ~,2~ 0.96 0,B0 0.0~ 0.0~
0.14-0.0~ 0.06 0,07 0.22 0.2~ 0.24 0,~ 0,20 0.25 0.2~ 0.22 0,37~ 0.00 0,07 0.07: 0.37 0.37 0.40 0.35 0.34 0.41 0.37 0.38I

0.~7 0.0~ 0.08 0.09 0,24 0.23 0.25 0.20 0.~ 0.20 0.1~ 0.22 0,40 0.02 0.10 0.12 0.41 0,42 0.45 0.38 0.35 0.36 0,37 0.43

~ NOV ~ ~AN ~ ~R APR ~Y JUN JUL A~ SEP ~ NO~ ~ ~N ~ ~R APR ~Y ~UN JUL A~
0.09 -0.05 0,05 -0.02 0.1~ 0.03 0,7~ 0.56 0.50 0.47 0.05 0.0~ 0.0~ -0.03 0.06 0.01 0.14 0.07 ~,28 0.96 0.88 0.85 0.~ 0.0@
0.2~ -0.05 0.05 -0,02 0.24 0.~6 0,~7 0.18 0.18 0,~8 0.~7 0.2~ 0.39 -0,03 0.06 0.01, 0.44 0.35 0~35 0.33 0,33 034 0.32 0.38
0.23 0.01 0.07 0.04 0.26 0.20 0.20 0.2~ 0.2~ 0,18 0,~7 0,22 0.40 0,04 0,07 0.07 0.45 0.40 0.36 0.36 0.36 0.35 0.33 0.3~
0.20 -0.05 0.04 -0.02 0.22 0.14 0.~6 0.18 0.~7 0,~7 0,~5 0.20 0.36 -0.04 0,03 -0,0~ 0,40 0.3~ 0,30 0,32 0.32 0.32 0.30 0.3~
0.11 -0.02 0.06 0.0~ 0.13 0.06 0,80 0,56 0,5~ 0.48 0.03 0,08 0.15, -0,01 0.~0 0.03~ 0.19 0.0~ ~.2~ 0.97 0.89 0=86 0.06 0.1=
0.24 -0,02 0.06 0.01 0.26 0.1~ 0.20 0,18 0,~7 0,15 0.14 0.20 0.45 -0.0~ 0,~0 0.03 0.4g 0.3~ 0.40 0.35 0,35 0.33 0.31 0.4~
0.28 0.08 0.~3 0.11 0,33 0.28 0.27 0.23 0.23 0.2~ 0.~ 0,24 0.50~ 0.~2 0.~6 0.15 0.56 0.50 0.47 0.41 0.4~ 0.40 0.37 0.45I
0.2~ -0.0~ 0.07 0.02 0.26 0.1g 0.20 0.~7 0.~7 0.15 0,13 0.~ 0.43~ 0.00 0.0~ 0,04~.47 0.37 0.38 0.34 0.33 0.32 0.29 0.38~

~ ROY ~ JAN ~ ~R APR ~Y JUN ~UL ~ SEP ~ ~V ~ ~N ~ ~R ~PR ~Y JUN JUL ~ S~
0.00 0.03 0.00 0.06 0,~2 -0,02 0,9~ 0.75 0.5~ 0.64 0.06 0.05 0.03 0.05 0.02 0.07 0.13 0.0~ ~.43 ~.25 1.00 ~.02 0,05 0,04
0.00 0.03 0.00 0.06 0.~2 -0,02 0.~8 0.20 0.21 0.22 0.06 0.05 0.03 0.05 0,02 0.07 0,13 0.0~ 0.36 0.37 0.35 0.35 0.05 0.04
0.06 0.07 0.05 0.0~ 0.14 0.01 0,20 0.22 0.24 0.25 0.06 0.06 0.07 0.0~ 0.07 0.0~ 0.14 0,0t 0.37 0.3~ 0.38 0.38 0,06 0.05
0,00 0,02 0,00 0.06 0,12 -0,03 0.~6 0.20 0.20 0.22 0.04 0.04 0.0~ 0,03 0.00 0.06 0.11 -0.03 0.32 0.35 0,34 0.34 0.03 0.02
0.03 0.05 0~02 0.08 0.14 0.0~ 0,~2 0.76 0.60 0.65 0.05 0.06 0.06 0.Og 0,~ 0,~ 0.~6 0.04 1.44 ~.26 t.Ol 1.03 0.0~ 0.0~
0.03 0.05 0.02 0.08 0.14 0,0~ 0,2~ 0.21 0.2~ 0.23 0.05 0.06 0.06 0,0~ 0,04 0,11 0.~6 0.04 0.4~ 0.40 0,38 0.39 0.0~
0.~2 0.~4 0.~2 0,~4 0,1~ 0.08 0.26 0.24 0.25 0~2~ 0.~1 0.~2 0.17 O.19 0.~5 0.~7 0.22 0.1~ 0.48 0.44 0.43 0.46 0.14 0.14
0.04 0.06 0.04 0,08 0.~4 0.01 020 0.20 0.20 0.23 0.05 0,07 0.06 0,0g 0.05 0.~1 0,~6 0.03I 0.3~ 0.38 0 36 0.38 0.07 0.08

RE~ESENT~TIVE ~BOVE NORMAL Y~R

-0,03 -0.02 0.06 0.05 0.05 0.03 0.05 0.43 0.44 0.69 0.12 0.05 -0,01 0.00 0.07 0.05 0.05 0.02 0.04 0.74 0.76 t,08 0.09
-0,03 -0,02 0.06 0.05 0.05 0.03 0.05 0.20 0.20 0.27 0.12 0.05 -0.01 0.00 0.07 0,05 0.05 0.02 0.04 0.34 0,33 0.40 0.~9 0.06

0.03 0.02 0.09 0.08 0.07 0.04 0.07 0.24 0,24 0,29 0.13 0,09 0,05 0,05 0.09 0.06 0.06 0.03 0.06 0,37 0.36 0.42 0.11 0 09
-0.03 -0.02 0.05 0,05 0.05 0.02 0.04 0.20 0,20 0.26 0.10 0.05 -0~02 -0.01 0.05 0.02 0,04 0.00 0.02 0.33 0.32 0.38 0.08 0.04
0,00 0.00 0.07 0.07 0.07 0,04 0,06 0.44 0.45 0.70 0.11 0.08 0.00 0.01 0.10 0.09 0.08 0.07 0.09 0,76 0.77 1,09 0.14 0.11
0.00 0.00 0~07 0,07 0.07 0.04 0.06 0.20 0,19 0.28 0.11 0,08 0,00 0,01 0, I0 0.09 0.08 0,07 0.09 0.35 0.34 0.44 0.14 0.11
0.09 0,08 0.14 0,14 0.11 0.09 0.13 0.26 0,25 0.33 0.18 0.16 0.12 0.12 0.17 0.t5 0.12 0.11 0.15 0,42 0.41 0.50 0.19 0,19
0.01 0~01 0~08 0.08 0.07 0.05 0~07 0.19 0.19 0.27 0.12 0,0g 0.02 0.03 0.10 0.08 0.08 0,06 0.08 0.34 0.33 0,42 0.12 0.10

R~R~E~AT]VE W~ Y~R

0.01 -0,04 0.07 -0.02 -0.03 -0.08 -0.04 1,54 1.09 1.30 0.0g 0,05 0.00 -0.01 0.06 -0.01 -0.02 -0.07 -0.02 2.22 1.73 1.95 0,06 0.04
0.01 -0.04 0.07 -0.02 -0.03 -0.08 -0.04 0.17 0,23 0.21 0.Og 0.05 0,00 .0.01 0.06 -0.01 -0.02 -0.07 -0.02 0.38 0,44 0,38 0.06 0.04
0.02 0,00 0.12 0.02 0.01 -0.05 -0.02 0.18 0.22 0.22 0.0~ 0.07 0.02 0.01 0.10 0.04 0.03 -0.03 -0.01 0.38 0.44 0.40 0.08 0.05
0.00 -0.04 0,07 -0.02 -0.03 -0.08 -0.04 0.16 0.21 0.21 0.08 0.04 -0.01 -0.04 0.04 -0.02 -0,02 -0,06 -0.02 0.35 0.42 0.37 0.05 0.02
0.00 -0.03 0.08 -0.01 -0.01 -0.07 -0,03 1.55 1,09 1.30 0.0g 0.06 0.01 0.02 0.10 0.00 -0.01 -0.06 -0.01 2,22 1.72 1.95 0.11 0,09
0,00 -0.03 0.08 -0.01 -0.01 -0.07 -0.03 0.17 0.21 0.20 0.0g 0.06 0.01 0~02 0.10 0.00 -0.01 -0.06 -0.01 0.41 0~40 0.40 0.11
0.03 0,05 0~18 0.07 0.06 -0.03 0,00 0.19 0.22 0.22 0.14 0.12 0.04 0.09 0,19 0.11 0.09 -0.Or 0.02 0.43 0,42 0.42 0.16 0~14
0.00 -0.02 0,09 0.01 0~00 -0.06 -0,02 0.16 0.21 0.20 0.09 0.07 0.00 0,01 0.09 0.02 0.01 -0.05 0.00 0.39 0.38 0.38 0.09 0.08

DE~RI~ION OF ALTERNATIVES:

No~ern In~ke, ~rri~ C~figu~on B
Enlarged F~ebay with No~ Vl~oria Intake. Barrier ~nflgurat~on B
Enlarged Fombay with Highway 4 t~ake, Ba~ C~flg~ation B

No~n Int~e, ~er C~figurati~ A, CVP ~e-in to Forebay Note: ~ined v=~s in~te that ba~rlers are ~erating
No~rn In~ke, ~ ~nfl~ra~on B, CVP ~e-in to For~ay
Enlarg~ F~ebay wi~ N~h Vi~o~a In~ke, B~ier ~nfigura~ B. CVP ~e-In ~ F~ebay Note: Nega~ve values i~Icate ~at water l~el decreases ~er
Enlar~d Forebay wi~ Hi~ay 4 ]~ake, Bamer C~g~a~ B. CVP ~e~n to For~ay ~e N~A~on Alt~five

I 331

I
C--041 574

C-041574



I

PHASE II MODELING

.... ’~
~

~.. CHANGE IN MINIMUM AND AVERAGE
.... WATER LEVELS

~ ~ ............... ~ ’~ ~ FOREBAY INTAKE GATES I

~ OLD RIVER AT NORTH END OF WEST CANAL

t

REPRESENTATIVE CRff~AL Y~R
ALT              ~      NOV       ~      JAN       ~      ~R      APR      ~Y       JUN       JUL      A~       S~                      ~      ~V       ~      JAN       ~      ~R      APR      ~Y       JUN       JUL      A~       SEP

2 -0,14 0.08 0.09 0.07 0.10 0,15 0.06 0~08 0.11 0.07 0.071 -0,07 -0,01 0.00 -0.10 -0.12 -0.12 -0.~6 -0.15 -0.11 -0,14 -0.14I3 0.09 0.22 0,17 0.15 0.14 0,16 0,Og 0.10 0,08 0,06 0.07~ -0.02 0.02 0.03 .0.12 -0.~3 -0,13 -0,17 -0.15 -0,13 -0.16 -0.16
4 -0.09 0,10 0.09 0.07 0.09 0,13 0,05 0,06 0,06 0.04 0,04~ -0,05 0.00 0,01 -0,13 .0.14 -0.14 .0.17 -0.16 -0.13 -0.16

6 -0.17 O.05 0.07 0.03 0.07 0,12 0,04 0,07 0.11 0.07 0.06] -0.12 0.20 0.24 0,06 O.07 0,08 -0.02 -0.01 0.09 0.05 0,06
7 0,25 0,37 0,32 0.27 0~27 0,30 0,17 0,19 0.23 0.19 0.21 0.28 0.33 0,34 0,12 0,12 0.13 0.02 0.03 0.13 0.09 0.11
8 -0.03 0,16 0.15 0.11 0.13 0,17 0.08 0.10 0.14 0.10 0.10 0,22 0.28 0.29 0.09 0.09 0.$1 0 00 0.01 0,10 0.07 0.0gI

REPRESENTATIVE DRY Y~R
ALT ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ SEP ~ ~V ~ JAN ~ ~R APR ~Y JUN JUL A~ SEP

1 -0,22 0.05 -0.18 0.13 -0.13 -0.11 -0.03 -0.04 0.01 0.04

3 0.03 0.15 0,08 0.24 0.11 0,10 0,06 0,05 0,04 0,03 0~06 -0.05 0.02 -0.04 -0,~3 -0.15 -0,12 -0,17 -0.17 -0.14 -0.17 -o.lsI4 -0.16 0.06 -0,12 0,14 -0.07 0,00 0.02 0~01 0,03 0,01 0.04 -0,09 0.00 -0.08 -0,15 -0,20 -0.14 -0,18 -0,18 -0.14 -0,17 .o.~6I5 -0.25 0.03-0.211 0.09-0.17-0.15-0.04-0.050.00 0,04 o.o71 -0,21 0,23-0.19 0.15-0.t0 0.09 0.01 0,01 0.11 0.14 0.17I6 -0.25 0.03-0.211 0.09-0,17-0.06 0.01 0,01 0.05 0.04 o.o61 .0.21 0.23-0.19 0,03-0.11 0.04-0.03-0,03 0.07 0.04 0.06I7 0.20 0.30 0,24/ 0.37 0,26 0,23 0.15 0.14 0,18 0.16 0.20 0.23 0.33 0,24 0.11 0.08 0.12 0.01 0.01 0.11 0.08 0.11
8 -0.11 0.12 -0.06 0.18 -0.03 0,04 0.05 0,04 0,09 0,07 0,10 0.17 0,29 0.18 0.07 0.06 0.08 -0.01 -0.01 0,09 0.06 O,0g

R~RE~AT~VE BELOW NORMAL Y~R
ALT ~ NOV ~ JAN ~ ~ APR ~Y JUN JUL A~ fl@ ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ SEP

1 .0.10 .0,03 -0,12 0,10 0.24 -0,111 .o, to 0,00 0.02 o.os! o,os o.os .0.06 .0.04 -0.06 0.00 0~02 .0,
2 -0.10 -0,03 -0,12 0.10 0.24 -0,11~ 0,01 0,07 0.08 0.12 0.05 0.0~ -0,06 -0,04 -0.06 0.00 0.02
3 0.11 0.15 0.11 0.21 0.33 0,00~ 0,12 0,10 0.11 0.15 0,04 0,08 -0,02 0,00 -0.01 0,03 0,05
4 -0.06 0,00 -0,07 0.11 0.24 "0.101 0102 0.06 0,07 0.10] 0.01 0.03 "0,05 "0.03 "0.05 0.01 0,03 "0.06 "0.15 "0.19 "0.17 "0,121 "0.01 "0.01
5 "0.13 "0.06 "0,15 0.08 0~22 "0.131"0,14 "0.01 0.01 o.o21 0.05 0.04 -0.07 0.00-0.11 0,24 0,27 0.18 0,07 0,00 0.02 0,12~ 0,23 0.25
6 -0.13-0,06 .0,15 0,08 0.22-0.t31-0,04 0,06 0,07 o.o91 o.os 0,04 .0.07 0,00 .0,11 0.24 0,27 o.181 0.04 .0.03 .0.02 0,08] 0.23 0.25
7 0.26 0.30 0.26 0.36 0,48 0.15 0.25 0,19 0,19 0,28 0,21 0,25 0,28 0.30 0.27 0,35 0.37 o,2sI 0,12 0.01 0.02 0.13 0,31 0.34
8 0.00 0.06 -0.01 0.17 0.31 -0.04 0.06 0.10 0.10 0.14 0.10 0.11 0.22 0.24 0.21 0.30 0.33 0,23J 0.08 -0.01 0.00 0.10 0.28 0,30

REPR~ENTATIVE ABOVE ~RMAL Y~R
ALT ~ NOV ~ JAN ~ ~R A~ ~Y JUN JUL A~ ~ ~ ~V ~ JAN ~ ~R APR ~Y JUN JUL A~ SEP

0,04 0.02 0.02 0.14 0,13 0.04 -0.0g -0.0g -0,02 -0,01 0.00 -0,03I -0.20 -0,17 0.0~ 0.05 0.14 0,02
2 -0.20 -0.17 0,09 0,05 0.14 0,02 0.04 0,06 0,06 0.21 0.13 0,04 -0,0~ -0,0g -0.02 -0.01 0,00 .0.03 -0,01 -0,15 -0.15 -0.08 0,00 -0,01
3 0,05 O.07 O,23 0.13 0.23 0.08 0.14 0.10 0.10 0.23 0.12 0.17 -0.03 -0.03 0,02 0.01 0,04 -0,02 0.01 -O~15 -0.15 -0.10 0.01 0,02

5 -0.23 -0.20 0.06 0.03 0.13 0.01 0.01/ 0.0t 0,~ 0,12 0,13 0,00 -0.19 -0.15 0.1~ 0.22 0,25 0,20 0,24 0.03 0.03 0,151 0.26 0.18
6 -0.23 -0.20 0.06 0.03 0.13 0.01 0.01/ 0.05 0.05 0.191 0.13 0.00 -0,19 -0.15 0.19 0.22 0,25 0.20 0.241-0.02 -0.01 0.111 0.26 0.18
7 0,23 0,23 0,38 0,27 0.38 0.22 0.30/ 0,18 0.18 0.36 0,30 0.33 0,26 0.27 0.33 0,32 0.37 0,28 0.341 0,02 0.03 0.16~ 0.35 0,35
8 -0,09 -0.05 0,17 0.11 0,22 0.08 0,11[ 0,08 0,08 024 O. 18 0.11 0,20 0.20 0.28 0.28 0,33 0.25 0,29[ 0.00 0.00 0,13J 0.31 0,29

ALT ~ NOV ~ JAN ~ ~R A~ ~Y JUN JUL A~ ~ ~ NOV ~ JAN ~ ~ APR ~Y JUN JUL A~ SEP

2 -0.03 -0,11 0.03 -0.17 -0,17 -0.35 -0,18{ 0,04 0.09 0.12 0.08 0,05 -0.10 -0,05 -0.01 -0,10 -0.11 -0.32 -0.18 -0.22 -0.24 -0.20 -0.01 -0.01
3 0.01 -0.03 0.13 0.O7 0,08 -O,08 0.00] O,08 0.0~ 0,14 0.08 0,11 -0.03 -0,02 0,02 -0.04 -0.04 -0.12 -0,08 -0,21 -0.,22 -0.19 0.00 0.00
4 -0.02 -0,11 0.03 -0.11 -0,10 -0.25 -0.11 0.04 0.08 0,11 0.05 0,04 -0,05 -0.04 -0,01 -0.08 -0.08 -0.16 -0.11 -0.22 -0.23 -0,20 -0.01 -0,01
5 *0.02 -0,13 0,01 -0.20 -0.20 -0.3a -o.1~I.o.lo 0.03 0,03 o.oa 0.03 -0.04 0.15 0,22 -0.23 -0,24 -0.43 -0.03 .0,06 -0.16 -0.05 0.24 0.25
6 .0.02 .0.13 0.01 -0.20 -0.20 -0.3a .0,1~I 0.03 0.10 0.13~ 0,08 0.03 .0,04 0,15 0,22 .0.23 .0,24 .0.43 .0.03 .0.07 .0.1g .0.061 0.24 0.25
7 0,05 0,10 027 0,23 0,25 0.02 0.121 0,17 0,13 0.221 0,24 0.27 0.~ 0,24 0.31 0.24 0,26 0.09 0,21 -0,02 -0.1S -0,021 0,32 0.34
8 0.00-0,06 0,09-0,05-0.04-0.22-0,06[ 007 0.11 0,16J 0.13 0J1 0.02 0.20 0~27 0.18 0.20 0,02 0,16 -0.04-0,16-0,04J 0.29 0.30 1

1 No~ern Intake, Bar~er Conflgura~on A

S No~rn Intake. Barrier C~figuration A, CVP =e-in to Fo~ebay Note: ~ined v~= in~te ~at harder= ire ~era~ng
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TABLE C-16 (cont.)

,,~,~o
PHASE II MODELING

~ t )2

CHANGE IN MINIMUM AND AVERAGE

~ / ,,~,~ ~
IN VICINITY OF PROPOSED

~     T=,~, OLD RIVER AT HIGHWAY 4

IMPROVEMENT TO AVENGEWATER ~VEL ~EE~ IMP~VEME~ TO MINIMUM WA~R LEVEL (FE~

-0.13 -0,0~ 0.06 0,06 0.04 0,06 0.03 -0.01 0,01 0,03 0.04 0,04 -0,14 -0.07 -0,01 0,00 -0,06 -0.05 -0.10 -0.12 -0.t!-0,08 -0,07 -0.07
-0.14 -0,09 0,06 006 0,04 0.06 0.0~ 0.04 0.05 0,07 0,~ 0,04 -0.24 -0~07 -0.01 0,00 -0.12 -0~12 -0.12 -0.15 -0,14 -0.~1 -0,14 -0,14
-0.01 0.02 0,13 0.09 0.08 0~08 0,10 0.0S 0,06 0.04 0.03 0.03 -0.18 -0.02 0.02 0.02 *0.13 -0,13 -0.13 -0.15 -0.14 -0.13 -0. t5 -0,15
-0.27 -0,23 -0.04 -0.02 -0,03 0.01 0,05 -0.01 0.01 0.02 0,00 0.00 -0,21 -0~06 -0.Or 0.00 -O,14 -0.14 -0.13 -0.16 -0.15 -0,t3 -0.16 -0.16
-0,14 -0~10 0,05 0.06 0,04 0.06 0,04 -0,01 0.02 0.06 0.06 0.05 0,04 O~0g 0.17 0.18 0,10 0,12 0.08 0.00 0.01 O,Og 0,11 0.12
-0.15 -0,10 0.05 0,06 0,03 0.06 0, t0 0.04 0.06 0.0g 0.05 0,05 ~ -0,05 0,0g 0.17 0.18 0.01 0.03 0.~ -0.04 -0.03 0.04 0.02 0,02
0.09 0A2 0.22 0,18 0,16 0,16 0.18 0.10 0,12 0,14 0.12 0,12 ~     0.01 0,1~ 0.24 0.25 0.06 0.07 0,08 -0,01 0,00 0,07 0.05 0.06

-0,32 -0.27 -0.07 -0,04 -0~07 -0.02 0.02 -0.02 0.00 0.03 -0.01 -0,02 -0,27 -0.0t 0,19 0.20 0.03 0.04 0,05 -0.03 -0,03 0.0S 0.02 0.03
R~RESE~ATIVE DRY Y~R

~o.o~ .o.~ o.o, .o.~ o.o, .o~o~-o.o~ .o.o~ .o~o~.o.o~o.o~o.o, .o~o~ .o.~ .o.o~ .o.~o .o.o~ .o~ .o.~ .o.~ .o.~ .o~o .o.o~ .o.o~o.~ .o.~ o.~ .o.~ o.o, .o.o, .o~o~ o.o~o.ooo~o~o.o~o~o, ~.o.~ .o.~-o.o, .o.,o .o.~ .o.~ .o.~, .o~ .o.~ .o.,~ .o.,~ .o.~o.o~.o.o, o.o, o.ooo.~, o.o~ o.o~ o.o~o.o~o.o~o.o~o.o~ .o.~, .o.o~ o.o~ .o.o~ .o.~ .o.~ .o.~ .o.~-o.~ .o.~, .o.~ .o.~I-o.o~ .o.~ .0.04 .o.~ o.oo.o.~ .o~ .0.04 .o.o~ .o.o~ .o.o~ o.oo :.o.~ .o.~o .o.o~ .o.o~ .o.~, .o.~o .o.~ .o.~ .o.~ .o.~ .o.~-o.~o.o,-o.~ o.~ .o.~ o.o~.o.o~ .o.o~ .o.o~ .o.o~ o.o~o.~ o.o~ :o., o.o~o.~ o.o~o., o.o~o.o~o.oo .o.o~ o.o~o.~oo.~
0.03 -0,16 0.~ -0,13 0,07 -0.0~ -0,04 0.01 0.01 0.04 0.~ 0.05 O.Ot 0.05 0.17 0.06 0.01 -0.03 0,00 -0.05 -0.06 0~03 0.01 0.03
0.15 0.07 0.18 0,10 0.22 0.13 0.12 0.08 0.07 0.10 0.10 0.12 ~     0.06 0.14 0.24 0.15 0,06 0.03 0.06 -0.02 -0,03 0.06 0,04 0.06

-0,0~ -0,36 -0.07 -0.32 -0.03 -0.26 -0,15 -0.05 -0.06 -0.03 -0.02 -0,01 ~ 0.0~ -0,24 0.19 -0.22 0.03 -0.14 0,02 -0,04 -0~05 0,03 0,01 0,03
R@RESE~ATWE BELOW ~RMAL Y~R

-0.07 -0.02 -0.08 0,08 0.18 -0,0~ -0.07 0.O0 0.01 0,03 0.03 0,03 -0.05 -0.03 -0.07 0.00 0.03 -0.05 -0.~2 -O.12 -0.11 -0.09 -0.02 -0,02
-0.07 -0.02 -0.08 0.08 0,18 -0.08 0.00 0.05 0.05 0.08 0.03 0.03 -0,05 -0.03 -0.07 0.00 0,03 -0.05 -0.13 -0.15 -0.15 -0.11 -0.02 -0.02
0,04 0.07 0.03 0.13 0.22 -0.03 0.04 0~06 0.06 0.09 0.02 0.05 -0.01 0.00 -0.02 0.02 0.05 -0.04 -0.13 -0.15 -0.15 -0.12 -0,01 0.00

-0,20 -0.15 -0.22 0.00 0,11 -0.I~ -0.09 0.01 0.01 0.02 -0,0t -0.02 -0,05 -0.03 -0,06 0.00 0,03 -0.06 -0.15 -0.17 -0.16 -0.13 -0.02 -0.02
-0.07 -0.03 -0,08 0.07 0. t8 -0.0~ -0~08 0.00 0.02 0.03 0.05 0.04 0.11 0.14 0,09 0.18 0,21 0.13 0.04 0.00 0~01 0.08 0,17 0.18
-0.07 -0.03 -0.08 0.07 0,18 -0.0~ -0~02 0.0~ 0.06 0,07 0,05 0,04 0.11 0.14 0.09 0.18 0.21 0.13 0.00 -0.04 -0,04 0,04 0,17 0.18

0~13 0.16 0,13 0.22 0,32 0.06 0.13 0,12 0,12 0.17 0,13 0.15 0.20 0.22 0,18 0.25 0.28 0,19 0,06 -0.01 -0,01 0.08 0.22 0.25
-0.24 -0.18 -0,25 -0.03 0,08 -0,2~ -0.13 -0.01 -0.01 -O,0t -0,02 -0.04 0.08 0.15 -0~01 0.20 0.23 0,~4 0.02 -0.04 -0.03 0.05 0.18 0.20

RE~ESE~ATIVE ABOVE NORMAL Y~R

-0,14 -0.12 0.07 0.03 0.10 0,01 0.02 0,01 0.01 0,09 0.09 0.02 -0.08 -0~08 0.00 -0,02 0.01 -0.02 -0.01 -0.11 -0, I0 -0.07 0.00 0.00
-0.14 -0.~2 0.07 0.03 0.10 0,01 0.02 0.03 0.04 0.13 0.09 0.02 -0~08 -0~08 0.00 -0,02 0~01 -0.02 -0.01 -0,15 -0.13 -0.09 0.00 0.00
-0.01 0,00 0.14 0.07 0.15 0.04 0,07 0,05 0.05 0.13 0.08 0.08 -0,03 -0.03 0.03 0,00 0.03 -0.01 0.00 -0.15 -0.14 -0.10 0.0t 0.02
-0.30 -0.26 -0.03 -0.04 0.05 -0.04 -0.06 -0.02 -0.02 0,08 0.~ -0.08 -0,07 -0.07 0,00 -0.02 0.01 *0.02 *0,02 -0.16 -0.15 -0.11 0.00
-0.14 -0,12 0.06 0,03 0.11 0.02 0,02 0.01 0.01 0.09 0.10 0.01 0.08 0,08 0.17 0,16 0.19 0.15 0.18 0.01 0.02 0.11 0.20 0.18
-0.~4 -0.12 0.06 0.03 0,11 0~02 0.02 0.03 0,04 0.13 0.10 0.01 0,08 0,0~ 0.17 0,16 0.19 0.15 0.18 -0.04 -0.03 0.06 0.20 0.18
0.09 0.10 0.22 0.16 0.24 0,12 0.16 0.10 0.11 0.22 0.19 0. t8 0.~7 0. t8 0.25 0,23 0,27 0.21 0.25 -0.01 0.00 0.~0 0.25 0.26

-0.34 -0,30 -0.06 -0,06 0.03 -0.07 -0,09 -0.04 -0.03 0.05 0.03 -0.12 -0,24 -0,09 0.19 0,18 0.23 0.18 0.19 -0.04 -0.03 0.07 0.22

-0.02 ,0.07 0.03 *0.t2 -0~12 -0,28 -0.14 -0,06 0.01 0~01 0.05 0.04 -0.07 -0.04 0.00 -0.09 -0.10 -0,21 -0,14 -0.17 -0.16 -0.14 -0,01 -0.01
-0.02 -0.07 0,03 -0,12 -0.12 -0.2~ -0.14 0,02 0.06 0.08 0,0S 0.04 -0,07 -0.04 0,00 -0~09 .0. I0 -0,21 -0.14 -0,19 -0.20 -0.t7 -0.01
0.00 -0,03 0,07 0.00 0~01 -0.13 -0.04 0.04 0.06 0,08 0.05 0.06 -0.03 -0,02 0.02 -0.04 -0.04 -0.12 -0,07 -0.19 -0,18 -0.t7 -0,01 0.00

-0,04 -0.14 -0,06 -0,26 *0,25 -0.37 -0.19 -0.02 0.~ 0.05 0.01 -0,03 -0~05 -0.05 -0,01 *0~08 -0.08 -0.17 -0,11 -0.20 -0.20 -0.18 -0~02 -0.02
-0.01 -0.07 0.03 -0.13 -0,12 -0.28 -0.14 -0.06 0,02 0.03 0,07 0.04 -0,02 0.10 0,17 0,06 0.07 -0,09 0.02 -0.05 -0.12 .0,04 0,18 0.18
-0,01 -0.07 0.03 -0,13 ~0.12 -0.28 -0.14 0.03 0.07 0.10 0.07 0.04 -0.02 0.10 0.17 0,06 0.07 *0.09 0.02 -0,07 -0.16 -0,07 0,18 0.18
0,02 0~04 0.16 0.10 0,~I -0.07 0.03 0. t0 0.09 0,14: 0.15 0,~6 0.02 0,17 0.23 0,16 0.17 0,02 0.13 -0.04 -0,14 -0.04 0.23 0,25

-0.03 -0.~7 *0.09:0.30-0.29 -0.40 -0.22 -0.O3 0.05 0.O6 0,00 -0.06 0.00 0.12 0,18 -0.17 -0,18 -0.06 0.07 -0.06 -O.15 -0.06 O, Ig 020

DE~RI~ION OF ALTERNATIVES:

No~ern lnt~ke, ~rde~ Conflgurl~on A

Enlar~d Forebly with Highway 4 l~ake, Baffi~ C~flg~ation B

No~ern Intake, ~rrier C~flgur~ A, CVP ~e~n to Foreb~y N~e: ~ed wl~s in~te ~lt b~Hers are ~er~ting
No~rn ln~ke. ~ ~n~ra~on B, CVP ~e-in to For~ay
~nlarged F~ebay with N~h Vi~o~a In~ke, Ba~ier Co~igura~ B, CVP ~eqn ~ F~ebay N~e: N~a~ve values i~icate ~at water l~el decreases ~
Enlarged Forebay with Hi~ay 4 l~ake, Ba~er C~g~l~ B, CVP ~e~n to For~ay ~e No-A~on Alte~Ive
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TABLE C-16 (cont.)
PHASE II MODELING

CHANGE IN MINIMUM AND AVERAGE
WATER LEVELS

IN VICINITY OF PROPOSED
FOREBAY INTAKE GATES

MIDDLE RIVER AT WOODWARD CANAL

IMPROVEMENT TO AVERAGEWATER LEVEL (FEET)                                                                                        IMPROVEMENT TO MINIMUMWATER LEVEL (FEET)

REPRESENTATIVE CRITICAL YEAR
ALT OCT NOV ~=C JAN FEB MAR APR MAY JUN JUL ,UG SEP OCT NOV {~:C JAN FEB MAR APR M&Y JUN JUL AUG SEP

2 ]-0.11l-0.08 0.04 0.04l 0.02 0.03 0.05 0.02 0.02 0.02 0.01 O.OtI

~           -0.03

0.01 0.03-0.09-0.10o0.09-0,11-0.10-0.10-0.12-0,12I1-0.301
-0.Oil

I-0.03 -0.06 -0,02 -0.01 0.02 -0,01 0.023 -0.26 -0.07 -0,02 0.02 -0.02 0.01 -0.09 .0.11 -0.10 -0.12 -0, tl -0,10 -0,12 -0.12
4 ! "0"091 -0.07 0.04 0.04 0.02 0~03 0,05 0.02 0.02 0,02 0.01 0,01 -0.04 0,00 0.02J -0.10 -0.10 -0.10 -0.12 -0,11 -0.10 -0.12 -0.12~
5 !-0.101-0.07 0.04 0.05[ 0.03 0.05 0,03 -0.01 0.01 0.03 0.04 0.04~ 0.08 0.14 0.16~ 0.09 0.10 0.07 0,01 0,03 0.08 0.09 0,10~
6 1.0.111.0.07 0.04 0.051 0.02 0.04 0.06 0.03 0.04 0.05 0.03 0.031 0.08 0.14 0.16~ 0.02 0.02 0.03 .0.03 -0.01 0.03 0.01 0.01J7  .0.40.0,t9.0,131.0,16.0.11.0,08.0,07.0,05.0,03.0.08.0,081 .0,0t0,130.t40.020,020,03.0.04.0.030,020,000.00 
8 -0.06 0.05 0.05 0.03 0.05 0.07 0.03 0.04 0.050.03 0.03 0.07 0.13 0.14 0.02 0.02 0.03 -0.03 -0.02 0.02 0.00 0.OtJ

REPRESENTATIVE DRY YEAR
ALT    OCT NOV DEC JAN FEB MAR APR M&Y JUN JUL AUG S~p      oct NOV DEC JAN FEB MAR APR MAY JUN JUL AUG

1 F--~-~-0.14 0.01-0.11J 0.04-0.08-0.07-0.03-0.03-0,020.00 O.01J ~’~’]-0.07 0.01-0.091-0.04-0.09-0.09-0.08-0.08-0.08-0.06-O.05J
2 [ 0.02J-0.14 0.01 -0.11[ 0.04-0.08-0.03-0.01-0.01 0.00-0.010.01] J-0.11J-0.07 0.01 -0.091-0.11-0.17-0.11 -0.12-0.12-0.12-0.13
3 1.0.05j-0.34 .0.07 .0.3t1.0.05-0.25-0.13-0.05-0.05-0.02-0.02-0.01[ ~-0,11l-0.05 0,01-0.061-0,10 .0.12-0,10-0.13-0.13-0.12-0.13-0.12{

i o.o2l .0.08  .0 11.0.15.0.t2.0.13.0.13.0 12.0.t3.0.12 4 -0.12 0.02 -0.09 0.05 -0.06 -0.03 -0.01 -0.010.00 -0.01 0.01[ I "0’121 -0.07 0.00
5 I 0’031"0"13 0.02-0.10] 0.05-0.07-0.07-0.02-0.020.00 0.02 0.04[ I 0’081 0.04 0.15 0.021 0.08 0.040.04 0.01 0.01 0.06 0.08 0.10~
6 J 0.02[-0.13 0.02-0.I01 0.04-0.07-0.03 0.00 0.000.02 0~02 0.03[ I o,ool 0.04 0.15 0.02J 0.00-0.020.00-0.04-0.03 0.01 0.00 0.02J
7 [-0.15]-0.40-0.17-0,46-0.16-0.41-0.25-0.09-0,10-0.08 .o.oe.0.07 [ 0,00l-0.18 0.13-0.18 0.01-0.12 0.01-0.05 .0.05 0.00 .0.01 0.01
8 ~ 0.031-0.12 0.03-0.08 0.05-0.05-0.02 0.00000 0.02 0.02 0.03 I 0.001 0.03 0.13 0.02 0.01 -0.01 0.00-0.04-0.04 0.00-0.01 0.01

REPRESEN3"ATWE BELOW NORMAL YEAR
ALT ~ NOV ~ JAN PEB MAR APR MAY JUN JUL AUG SF.P OCT NOV ~ JAN PEB MAR APR MAY JUN JUL AUG SEP

I -0.07-0.03-0.07 0.05 0.12 °0.081-0.07-0.020.00 0.0¢~] 0.01 0.02 -0.03 0.00-0.04 0.03 0.05-0.031-0.09-0.08-0.07-0.05J0.00 0o00
2 -0.07-0.03-0.07 0.05 0.12 o0.08] -0.02 0.020.02

0.0~J

0~01 0.02 -0.03 0.00-0.04 0.03 0.05-0.03J-0.12-0.12-0.11 -0.08J0.00
3 -0.24 -0,17 -0,25 -0.04 0,04 -0,17 -0.11 ,0.02 -0.01 -0.01 -0.01 -0.02 -0.02 0,00 -0.02 0,02 0,04 -0.04I-0.10 *0.13 -0,12 -0.09I-0.0t -0.01
4 -0.06 -0.02 -0.06 0.05 0.12 -0.071-0.02 0.02 0.02 0.0~ 0.0t 0.02 -0.03 -0.0t -0.04 0.02 0.04 -0.041-0.12 -0.12 °0.11 -0.091-0.01 -0.01
5 -0.06-0.02-0.06 0.06 0.13 .o.o71.o.o6 .o.ot 0.01 0.01 0.03 0.03 0.09 0.12 0.07 0.16 0.19 0.10[ 0.04 0.01 0~02 0.08[ 0.15 0.16
6 .0.06    .0.02 .0.06 006 0.13 -0.071-0.02 0.03 0.03 0.041 0.03 0.03 0.00 0.12 0.07 0.16 0.19 0.10 0.00 -0.03 -0.02 0.031 0~15 0.16
7 -0.37 -0.30 -0.38 -0.14 -0.05 -0.28 -0.23 -0.07 -0.06 -0.101 -0.07 -0.11 0.05 0.12 -0.01 0~15 0.17 0.09 0.01 -0.04 -0.03 0.03 0.12 0~13
8 -0.05-0.01-0.05 0.06 0.13-0.08-0.01 0.03 0.04 0.041 0.04 0.04 0.08 0.11 0.07 0.14 0.17 0.08 0.00-0.04-0~03 0.03 0.13 0.14

REPRESENTATIVE ABOVE NORMAL YEAR
ALT OCT      NOV ~ JAN FF-J] MAR APR MAY JUN JUL AUG .$F.P OC~      NOV DEC JAN FEB MAR APR MAY JUN JUL AUG

1 -0,12 -0.10 0.03 0.01 0.08 0.00 0.00] 0,00 .0.01 0.041 0.04 0,01 -0.06 -0.05 0,02 0.01 0.05 .0.01 0.01 -0.07 -O.OS -0.041 0.01 0.02
2 -0.12-O.tO 0.03 0.01 0,08 0.00 0.001 0.01 0.01 0.07 0.04 0.01 -0.05-0,05 0,02 0,01 0.05-0.01 0.01 -0.11 -0.10-0.071 0.01 0.02
3 -0.33-0.29-0.08-0.06 0.01 -0.06 *0.08[-0.03-0.04 0.04[ 0.02-0.10 -0~03-0.03 0.02 0.00 0.03-0.01 0.01 -0.12-0.11 -0.081 0.00 0.02
4 -0.10-0.09 0.04 0.01 0.08 0.00 0.011 0.01 0.01 O,OSI 0,04 0,02 -0,05-0.05 0.01 0.00 0.03-0.02 0.00[-0,12-0.11 -0.0810~01 0.01
5 -0.11 -0.09 0.04 0.02 0.09 0.01 0.011 0.01 0.00 0.06[ 0.06 0.02 0.05 0.07 0.15 0.14 0.18 0.13 0.16; 0.02 0.02 0.091 0.17 0.16
6 -0.11 -0.09 0.04 0.02 0.09 0.01 0.011 0.02 0.02 0.09 0.06 0.02 0.05 0.07 0.15 0.14 0.18 0.13 0.15 -0.03 -0.02

0.051
0.17 0.16

7 -0.48 -0.43 -0.19 -0.15 -0.08 -0.14 -0.19 -0.08 -0.09 -0.04 -0.06 -0.23 -0.18 -0.08 0.14 0.12 0.17 0.12 0.14 -0.03 -0.03 0.051 0.14 0.15
8 -0.10-0.08 0.05 0.02 0.09 0.01 0.02 0.02 0.02 0.09 0.07 0.02 0.05 0.06 0.13 0.12 0.17 0.11 0.14-0.03-0.03 0.04] 0.15 0.14

REPRESENTATIVE WET YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG ~ OC3" NOV 13EC JAN FEB MAR APR MAY JUN JUL AUG SEP

1 -0.01 -0.06 0.01 -0.11 -0.11 -0.22 .o.111.o.os o.oo o,ooI 0.02 0.01 *0.02 .0.01 0.01 -0.07 o0.07-0.15-0.08-0.12-0.06-0.0810.0t 0.01
2 -0.01 -0.06 0.01 -0.11 .0~11 -0.22-0.111 0.00 0.04 0.061 0.02 0.01 -0.02-0.01 0.01 -0.07-0.07-0.15-0.08-0.14-0.13-0.12[0.01 0.01
3 -0.04-0.13-0.08-0.30-0.30-0.39 .0.221.0.04 o.02 0.031 0.00-0.04 -0.05-0.02 0.01 -0.05-0.05-0.15-0.10-0.16-0.15-0.13]0.00 0.00
4 -0.02-0.06 0.01 -0.09-0.0g-0.21 -0.11[ 0.000.03 0.051 0.03 0.02 -0.03-0.02 0~01 -0.07-0.07-0.16-0.09-0.18-0.14-0.1310.00-0.01
5 -0.01 -0.05 0.01 -0.10-0.10-0.21 -0.10!-0.040.02 0.021 0.05 0.02 0.02 0.10 0.14 0.04 0.04-0.07 O03-0.03-0.08 .O.OlI 0.15 0.16
6 -0.01 -0.05 0.01 -0.10 -0.10 -0.21 -0.101 0.020.05 0.071 0.06 0.02 0.02 0.10 0.14 0.04 0.04 .0.07 0.03;I -0.06 -0.10 -0.0410.15 0.16
7 -0~05 -0.21 -0.18 -0.44 -0.44 -0.48 -0.31 -0.090.02 0.00 -0.06 -0.14 -0.02 0.08 0.13 -0.16 -0.17 -0.10 0.00 -0.t2 0.14
8 -0.01 -005 0.02 -0.09 -0.09 -0.21 .0.100.01 0.05 0.06 0~05 0.03 0.00 0.08 0.13 0.04 0.05 .0.08 0.01 -0.06 -0.1t -0.05 0.13 0.14

DESCRIFrlON OF ALTERNATIVES:

1 Northern intake, Barrier Conflgura~on A
2 Norlharn tntake, Barrie¢ Configuration B
3 Enlarged Forebay with North Victoria Intake, Bardar Configuration B
4 Enlarged Forebay with Highway 4 Intake, Barrie~ Configuration B

$ Northern Intake, Barrier Configuration A. CVP lle4n to Forabay Note: Outlined values indcate that barriers ara operating
6 Northern Intake, Barrie¢ Conflguralion B, CVP t~a-in to Forebay
7 Enlargad Fo~ebay with No~lh Victoria Intake, B~rrier Configura~on B, CVP tia.in to F~abay Nota: Negetiva valuaa Indicate that water leval decreases over
I Enlarged Forebay with Highway 4 Intake, Barder Conflguralton B, CVP ’~e,in to Forebay the No-Action Aitecnative

C--041 577
C-041577



CHANGE IN MINIMUM AND AVERAGE
WATER LEVELS

~ ..... t .~,-’~’~, ~’~ DOWNSTREAM OF PROPOSED
t’Jr ~ / .... ~’~-" BARRIER-TYPE FACILITIES

I
IMPROVEMENT TO AVERAGE WATER LEVEL (FEET) IMPROVEMENT TO MINIMUM WATER LEVEL (FEET)

I REPRESENTATIVE CRITICAL YEAR
ALT OCT NOV ~ JAN FF..B MAR APR MAY JUN JUL AUG SEP OCT NOV cr:c JAN FEB MAR APR MAY JUN JUL AUG SEP

1 0.01i 0.05 0.28 0.23 0,22 0.21 0.14 0.03 0,07 0.08 0.11 0.121 ~ -0.07 -0.01 0.00 -0,04 .0.04 -0.11 -0.16 -0.13 -0 09 -0.06 -0.06
2

0.011 0.05
0.28 0,23 0.24 0.24 0.28 0,14 0.16 0+18 0.14 0,141 -0.24 -0.07 -0.01 0.00 -0,08 .0.10 -0.09 -0.16 -0,13 -0.00 -0.11 -o.12

4 0.0gi 0.10 0.29 0.23 0~24 0,23 0,27 0,13 0,15 0,13 0,11 0.11; -0,22 -0.05 0.00 0+00 -0,11 -0.12 -0,12 -0,17 -0.15 -0.11 -0.13 -0.14

I 5 i 0.05 0,10 0.32 0.2g1 0.26 0.27 0.21 0.07 0.13 0.19 0.20 0.201 0.16 0.23 0.31 0,321 0.24 0.26 0.16 0.04 0.07 0.18 0.25 0.26
6 I 0,03 0~t0 0,32 ~).2g 0.25 0.26 0.32 0.16 0.20 0,25 0.19 0,191 0.04 0.23 0.31 0.321 0,12 0.14 0.15 0,02 0.04 0,15 0.13 0.13
7 : 0.47 0.50 0.63 0.53i

0.49 0.45 0.49 0.2g 0.31 0.35 0.32 0.33 0.13 0.37 0,42 0.411 O.16 0.19 0.20 0,06 0.08 0.19 0.17 0.18
8 0.1___._~80.23 0.43 0,36i

0.32 0.32 0.37 0,20 0.22 0.27 0.22 0.23 O. 11 0.30 0.37 0.37 0.15 O,16 0.18 0.04 0.06 0.16 0.14 0.15,
REPRESENTATIVE DRY yEaR

ALT ~ NOV [T~C JAN FE~ MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR M~,y JUN JUL AUG SEP, , o.,,.o.o,o.,oo.o,o.o,.o.o,o.o,o.o,o.o,o.o0o.,,,
I 2 0.211 -0,03 0.19 0.04 0,38 0,09 0.14 0.10 0.09 0.12 0,09 0.14i

/’0’11
-0.11 -0.01 -0.10 -0,10 -0.20 -0,09 -0,17 -0.17 -0,10 -0.12 -0,12

3 0.27i 0,21 0,29 0,2g 0.46 0,33 0.24 0,13 0.12 0,10 0,07 0,12! -0,13 -0,05 0,02 -0 04 -0,11 -0,13 -0,10 -0.17 -0.17 -0.13 -0.14 -0,14

5 ! 0,24 0.01 0,25 0.Og 0,38 0.12 0.04 0.06 0,06 0.12 0.16 0.21 0,24 0.13 0.31 0.14i 0.23 O.18 0.14 0,04 0.04 0.16 0.23 025
6 ’ 0.23 0,01 0.25 0.0g 0.36 0.11 0.14 0.13 0,12 0.18 0.15 0+15 0,11 6.13 0,31 0.14i 0.10 0.07 0.11 0.01 0.O1 0.13 0.11 0.13

I 7 0.45 0>45 0.51 0.52 0.64 0.53 0+43 0,26 0.25 0.30 0.26 0.3; 0,17 0,31 0.41 0.32 0.18 0.15 0.19 0.05 0.05 0.17 0,16 0.17
8 0.30 0.15 0 33 0,22 0,46 0.26 0.24 0.16 0.15 0.21 0.18 0.2~, i 0~14 0,24 n.36 025 0,14 0.13 0.15 0.03 0.03 0.15 0.13 0.15

REPRESENTATIVE BELOW NORMAL YEaR
ALT     OCT NOV ~ JAN ~ MAR APR MAY JUN JUL AUG SEP        ~ NOV DEC JAN ~ MAR APR MAY JUN JUL AUG SEP

1 0.10 0.16 0,08 0.27 0+44 -0.01 0.00 0.05 0.09 0.1~ 0.09 0.13 -0.05 -0.03 o0.06 0.00 0,03 -0,05 -0.13 -0,17 -0.14 -0.08 -0.01 -0,02
2 0,10 0.16 0.08 0,27 0.44 -0.01 0.16 0,17 0.18 0.2E 0,09 0.13 -0.05 -0.03 -0,06 0.00 0,03 -0.05 -0,10 -0.17 -0.14 0.07 -0,01 -002
3 0.30 0.34 0.30 0,37 0.52 0.09 0.26 0.20 0.20 0.2g 0.08 0.16 -0.01 0.01 -0.02 0.03 0.05 -0.04 -0.11 -0.17 -0.15 -0,0~ -0.01 -0,01
4 0.14 0.19 0.13 0.28 0.44 0.00 0.17 0,16 0.16 0.24 0.06 0.11 -0,05 -0.02 -0,05 0,01 0.03 -0.06 -0,13 -0.18 -0.16 -0.0~ -0,02 -0,02
5 0.15 0.21 0,13 0.32 0.50 0,05 0.04 0.10 0.14 0,22 0.18 0.21 0,24 0.27 0,22 0,33 0,36 0,26 0.13 0.03 0,06 0.18 0.31 0,33
6 0.15 0,21 0+13 0.32 0.50 0.05 0,16 0.19 0.20 0.24 0.18 0.2t 0+24 0.27 0.22 0.33 0.36 0.26 0.11 0.02 0,03 0,1E 0.31 0.33
7 0.53 0+56 0,53 0.59 0.75 0.32 0,44 0.32 0.33 047 0.34 0,41 0+37 0.39 0.35 0,44 0.46 0.36 0,1g 0+06 0,08 0.2¢ 0.39 0.42
8 0,27 0,32 0.26 0,41 0.58 0.14 0.25 0.23 0.24 0.34 0.23 0.27 0.30 0.32 0.29 0 39 0,42 0.31 0.15 0.03 0.05 0.1; 0.35 0,38

I REPRESENTATIVE ABOVE NORMAL YF.~R
ALT OCT NOV DEC JAN ~ MAR APR MAY JUN JUL AUG SEP OCT NOV ~C JAN FEB MAR APR MAY JUN JUL AUG SEP

| -0.01 0.02 0.29 0.17 0,29 0.10 O,l,~ 0.10 0,09 0,27r 0.23 0.2f .0.09-0.08-0.01-0.01 0,00-0.03-0.011-0,13-0.13-0.0~ 0.00 0.00
2 -0.01 0.02 0.29 0.17 0,29 0,10 0.18 0.16 0.16 0.38I 0.23 0.21 -0.09 -0.08 -0.01 -0.01 0.00 -0.03 -0.01!-0.13 -0.13 -0.06 0.00 000
3 0.23 0.25 0.42 0.24 0,38 0,15 0.22 0.19 0.20 0.3g 0.22 0.34 -0.03 -0.02 0,02 0,01 0.04 -0.01 0.011-0.14 -0.14 -0.08 0,01 0 02
4 0.05 0.08 0.30 0,17 0.30 0.09 0.18 0,15 0.15 0.3~ 0.19 0.22 -0.08 -0.06 0.00 -0.01 0.02 -0.02 -0.01= -0,15 -0,15-0.0~ 0.00 0,06

I 5 0.04 0.07 0.33 0.23 0.35 0.17 0.23 0.14 0.14 0.34 0.32 0.26 0.15 0,20 0.31 0.31 0.36 0.29 0.33 0.07 0.07 0,2¢ 0.34 0.33
6 0.04 0,07 0.33 0.23 0.36 0.17 0.2~ 0.19 0,10 0.41 0.32 0.26 0.15 0,20 0.31 0.31 0.36 0.29 0.33 0.03 0.04 0,1E 0.34 0,33
7 0,48 0,48 0.64 0.47 0.60 037 0.51 0.32 0.32 0.68 0.49 0.58 0.34 0.36 0.42 0.40 0.48 0,37 0.43 0.07 0.08 0.2~ 0.42 0.44
8 0.18 0,20 0,44 0.31 0.44 0.23 0.3~’ 0.22 0.22 0.4~ 0,37 0.37 0.27 0.29 0,36 0.36 0.44 0.34 0.38 0.05 0.05 01~. 0.39 0.37

REPRESENTATIVE WET yEAR
ALT OCT NOV ITL-C JAN FEJB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAy JUN JUL AUG SEP

I I 0.00 -0,07 0.19 0,02 0.01 -0,26 -0,1(~ -0,06 0.02 0,06 0.14 0,16 -0,09 -0.05 0,00 -0,11 -0.10 -0,24 -0.17i -0,26 -0.24 -0,21 -0,01 -001
2 0,00 -0.07 0,19 0.02 0,01 -0,26 -0,1C 0,11 0,13 0,2(~ 0,14 0,16 -0,09 -0,05 0.00 -0,11 -0,10 -0,24 -0.17 -0.22 -0.24 -0,2C -0,01 -0,01
3 0 03 0,01 0.28 0,26 0,26 0,01 0.07 0.15 0,13 0,21 0,14 0.21 -0,03 -0,02 0,02 -0,05 -0,03 -0,11 -0.081 ,0.22 -0.22 -0,2(: 0,00 0,01
4 0,00 -0,07 0,19 0.08 0,08 -0.16 -0.04 0,11 0,12 0,1~ 0.11 0,15 -0,05 -0.04 0,00 -0,08 -0,07 -0,16 -0.10 -0,23 -0.23 -0,21 -0,01 -0,01
5 0,02 -0,02 0.24 0.06 0,06 -0.22 -0.04 -0,02 0.06 0.11 0,24 0,23 -0.01 0,22 0,29 0.13 0.16 -0,11 0.16= -0.05 -0.16 -0,04 0.32 0.34
6 0,02 -0,02 0,24 0,06 0,06 -0,22 -0,04 0.13 0,15 0,24 0,24 0,23 -0.Or 0.22 0.29 0.13 0.15 -0.11 0.16 -0.03 -0,17 -0,0~ 0,32 0.34

I 7 009 0.20 0,50 0,48 0.49 0.16 0.2=. 0,27 0.18 0.32 0,3g 0.46 0.07 0,31 0.3g 0,32 0,37 0,18 0,32 0.02 -0,13 0,01 0.40 0,43
8 0.04 0.05 0,32 0,21 0.21 -0.08 0,0~ 0.17 0.16 0.2~ 0.28 0,31 0,05 0.26 0.34 0.26 0.30 0.11 0.27 0,00 -015 -0 01 0.36 03g

DESCRIPTION OF ALTERNATWES:

I 1 Northern Intake, Barrier Configure#on A
2 Northern Intake, Bard~r Co~figuration B
3 Enlarged Fotebay with North Victoria Intake, Barrier Configuration B

I 6 Northern Intake, Barrie*" Configuration B, CVP #e-in to ForePlay
7 Enlarged Fotebay with North Victoda Intake, Barrier Configura#on B, CVP tie.in to Fo~ebay Note’. Nega~ve values indicate ~at water level decreases over
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TABLE C-17 (cont.)

PHASE II MODELING

CHANGE IN MINIMUM AND AVERAGE
WATER LEVELS

IMPROVEMENT TO AVERAGE WATER LEVEL (FEET) IMPROVEMENT TO MINIMUM WATER LEVEL (FEET)

REPRESENTATIVE CRITICAL YF-.~R
ALT              OCT      NOV       ~      JAN       FEB      MAR      APR       M~y       JUN       JUL      AU<3       SEP                      OCT      NOV       ~      JAN        FF-B      MAR      APR      MAY       3UN       JUL      AUG       SEP

2 -0.08 0.07 0,071 0.06 0.08 0.11 0.04 0.06 0.07 0.04 0,04 -0,05 0.01 0.011 -0, I0 -0.10 -0.11 -0.14 -0.12 -0.10 -0.12
3 -0.09 0,06 0.06 0.04 0,06 O.0g 0.02 0,05 0,06 0.02 0,03 *0.01 0.03 0.02 -0.11 -0~12 -0.12 -0.15 -0,13 -0.11 -0.14
4 -0,06 0,08 0.07 0.06 0.07 0.10 0.03 O,05 0.04 0,02 0,03 -0.03 0.02 0,01 -0,12 -0.12 -0.12 -0,15 -0.13 -0,11 -0.14 -0,15
5 -008 0.08 0,081 0.06 0.08 0.06 0.00 0.04 0.07 0.07 0,06 0.12 0,19 0.20 0.12 0.14 0.09 0.01 0.03 0.11 0.13 0.13
6 -0.08 0.08 0,08[ 0.05 0.08 0.11 0.05 0.07 0.10 0.06 0,06~ 1.0.031 0.12 0,19 0.201 0.03 0.0S 0.05 -0.03 -0.01 0.07 0.04 0.04I7 -0,11 0.07 0,081 0.03 0.06 0,10 0.04 0.06 0,00 0.05 0,05] I 0’011 0.20 0.25 0.26 0.06 0.07 0,07 -0,02 0~00 007 0.05 0.06
8 -O,02 0.12 0.11[ 0.09 0,10 0.14 0.06 0,08 0.11 008 0,08j ~ 0.16 0.22 0.22 0.05 0.06 0.06 -0,02 -0.01 0.07 0.04 0.04

REPRESENTATIVE DRY YEAR
ALT OCT NOV IT=C JAN FEB MAR APR MAy JUN JUL AUG SEP OCT NOV IT=;C JAN FEB MAR APR MAY JUN JUL AUG SEP

0.051 ~

-0.09

3 -0.18 0.04 -0.13 0.00 -0.10 -0.03 0.00 0.00 0.02 0.01 0.03 -0.03 0~03 -0.11

5 -0,15 0.06 -0.10 0.10 -0.08 -0.07 -0.02 -0.01 0.03 0.06 0.08~ I 0"121 0.07 0.20 0.06~ 0.13 0.08 0.07 0.01 0.01 0.09 0.12 0.13~
6 -0.15 0.06 -0.10 0.0g -0~06 -0.02 0.02 0.02 0.06 0~06 0.07 ~ 0.021 0.07 0.20 0.06{ 0.03 0.00 0.02 -0.04 -0.04 0.06 0.03 0.04I7 -0.19 0.05 -0.14| 0.08 -0.13 -0.04 0.01 0.01 0.05 0.05 0.06~ I 0051 0.09 0.25 0.09 0.06 0.05 0.06 -0.03 -0.03 0.06 0.04 0.05
8 -0~0g 0.09 °0.04 O. 14 -0.01 0 03 0,03 0.04 0.08 0.07 0.09| ~ 0.13 0.22 0.12 0.05 0.04 0.04 -0.03 -0.03 0.05 0.03 0.04

1 -0.06 -0.01 -0.07 0.Og 0.10 -0.07 -0.06 0.00 0.02 0.04 0.04 0.04 -0.03 -0,01 -0.05 0,02 0.04 -0.06 -0,11 -0.11 -0.t0

0.10

-O.0g 0.00 -0.012 -0.05 -0.01 -0.07 0.09 0.19 -0.07 0.01 0.05 0.06 0.09 0,04 0.04 -0.03 -0.01 -0.05 0,02 0,04
-0.033 -0.07 -0.03 -0.08 0.08 0.17 -0.06 -0.01 0.04 0.05 0.02 0.030.07 0.00 0,02 -0.01 0.04 0.05 -0,13 -0.15 -0,15

4 -0.03 0,00 -0.04 0.0g 0,19 0,010.050.050.080.020.03 -0.02 -0.01 -0.04 0.03 0.04

7 -0.08 -0.03 -0.0g 0 10 0,20 -0.071-0.02 005 0.06 0.07 0.07 0.06 0.21 0.23 0,10 0.26 0.28 0.05
8 0.00 0.04 0.00 0.14 023 -0,021 0.05 008 0.08 0.11 0.08 0.09 0.17 0,19 0.16 0.24 0.26 0.17 0.04 -0.03 -0.02 0,06 0.22 0.23

REPRESENTATIVE ABOVE NORMAL YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP

1 -0.14 -0.11 0.08 005 0.12 0,02 0.03 0,02 0.02 0,10 0,0g 0.03 -0,07 -0.06 0.01 0,00 0.02 -0,02 0,01 -0.0g -0.0g
2 -0,14 -0,11 0.08 005 012 0.02 0.03 0,05 0,05 0.15 0,0g 0.03 -0.07 -0.06 0.01 0.00 0.02 -0,02 0,01 -0.12 -0.12 -0.07 0.02
3 -0,16 -0.12 0.07 0,03 0.12 0.00 0,02 0,03 0,03 0.13 0,07 0.01 -0.02 -0.02 0.03 0.02 0.04 -0,01 0,02 -0.13 -0.13 -0.08 0,02 0.02
4 -0.11 -0.08 O,0g 0.04 0.13 0,01 0,04 0,04 0.04 0.14 0.00 0.04 -0.05 -0.04 0,01 0.01 0.03 -0.02 0.01 -0,14 -0.13 -0.08 0.02 0.01
5 -0,13 -0.10 0.08 0.06 014 0,03 0.041 0,03 0,03 0.121 0.12 0.04 0.0g 0.10 0,10 0.19 0.21 0,17 0.20 0.03 0.03 0.131 0,23 0,20
6 -0.13 -0.10 0.06 0.06 0.14 0.03 0.041 005 0,06 0.16[ 0,12 0.04 0.0g 0,10 0.10 0.19 0.21 0.17 0.20 -0,02 -0,02 0.0gI

0.23 0,20
7 -0.17 -0,13 0,08 0,06 0.14 0,03 0.04| 0,04 0.04 0.14J 0,12 0.02 O. tO 0.16 0,25 0.24 0,27 0.21 0.26 -0.01 -0.01 0.101 0,26 0.26
8 -0,07 -0.04 0,13 0.09 0.18 0.06 0.08[ 0,07 O.07 0.18 0.14 0.08 0,16 0.15 0,22 0.22 0.25 0.19 0.23 -0.02 -0.01 0,0gJ 0.25 0,22

ALT OCT NOV CEC JAN I~B MAR APR MAy JUN JUL AUG ~.P OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP
1 -0.02-0.07 0.03-0.11-0.11-0.28-0.13[-0.060.01 0.02,, 0.06 0.0.~ -0.05-0.04 0.00-0.08-0.08-0.21-0.13,-0.17-0.15-0.1310.00 0.00
2 -0.02 -007 0.03 -0.11 -0.11 -0.28 -0.13{ 0.03 0.07 0.10~ 0.06 0.05 -0.05 -0.04 0.00 -0.08 -0.08 -0.21

.0.131

-0.19 -0.19

-0.161

0.00 0.00
3 -0.02 -0.08 0.01 -0.12 -0.11 -0.28 -0.11/ 0,02 0.06 0.08 0.04 0.03 -0,03 -0,02 0.02 -0.03 -0,03 -0,13 -0,08 -0.20 -0.19
4 -0.02 -0.07 0,03 -0.08 -0.08 -0.23 -0.10| 0,03 0.05 0,08 0,04 0,04 -0.03 -0.03 0,00 .0.06 -0,06 -0.15 -0,0g -0.20 -0.19 -0.17 0,00 0.00
5 -0.01 -0.06 0.03-0.10-0.10-0.27-0.12/ -0.050~02 0.04 0,09 0.06 -0.01 0,12 0.16 0.06 0.06 .0,09 0.03-0.05-0.11 -0.0310.20 0.20
6 -0.01 -0.06 0.03 -0.10-0.10-0.27 -0.12/ 0,O4 0,06 0.121 0.0g 0,06 -0.01 0,12 0.18 0.08 0.08-0,0g 0,03 -0.07-0,15-0.05J0,20 0.20
7 0.00-0.06 0.03-0,13-0.13 -0.27-0.11/ 0,03 008 0.11[ 009 0.06 0,02 0.17 0.24 O.0g 0.10 0.01 0.11 -0.06-0,15-0.05~ 0.24 0.25
8 0,00 -0,03 0.07 -0,04 -0.04 -0.20 -0,07LO 060,08 0.12| 0.11 o,0g 0.02 0.16 0,21 0,14 0,15 -0,03 0,0g .0 06 -0.14 -0.05J 0.22 0.23

DESCRIPTION OF ALTERNATIVES:

1 Northern Intake, Barrier Configuration A
2 Northern Intake, Barrier Configuration B
3 Enlarged F~abay with North Victoria Intake, Barrier Configuration B
4 Enlarged Forebay with Highway 4 Intake, Barrier Configuration B

$ Northern Intake, Barrier Cow, figuration A, CVP tie.in to Forebay Note: Oul~ined valuea lndicata that 5at~’iers are operating
6 Northern Intake, Barri~ Configuration B, CVP tie-in to Forebay
7 Enlarged Forebay with North Victoria Intake, Barrier Configuration B, CVP tie-in to Fotebay Note: Nagativa values indicate that water level decreases over
8 Enlarged Forebay with Highway 4 Intake, Barrier Configuration B, CVP tie4n to For#Day the No-Action ~Jternafive
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I                                                            TABLE C-18

PHASE II MODELING

CHANGE IN MINIMUM AND AVERAGE
WATER LEVELS

I NEAR TRACY PUMPING PLANT

I OLD RIVER AT DMC INTAKE

I
IMPROVEMENT TO AVERAGE WATER LEVEL (FEET) IMPROVEMENT TO MINIMUM WATER LEVEL (FEET)

ALT OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP
1 0.05 0,28 0,231 0.22 0.21 0.12 0,01 0,07 0~07 0.11 0.121 ~"~-0.07-0.01 0.001-0.04-0.05-0.12-0,16-0.13-0,08-0.06-0.06I2 0.05 0,28 0.23~ 0.25 0.24 0.28 0,14 0.17 0.19 0.14 0.151 I "0’241 -0.07 -0.0t o.oo1-0.08 -0.09 -0,09 -0.15 -0.12 -0.08 -0.11 -O.llI3 0.27 0.41 0.30 0.32 0.27 0.30 0.17 0,18 0.15 0.13 0,14 -0.02 0.03 o.o21-0.09 -0~11 -0.11 -0,16 -0.13 .0.10 -0,13 -0,13
4 0.10 0.30 0.22 0,25 0,22 0.26 0.13 0.15 0.14 0.11 0.12 -0.06 0.00 0.00J -0.10 -0.12 -0.12 -0.17 -0.14 -0.10 -0.13 .0.14

i 5 0.14 0.36 0.321 0.30 0.31 0.24 0.09 0.16 0,23 0.24 o.251 0.24 0.35 o.36j 0.28 0.30 0.19 0.06 0,0g 0.22 0.29 0.31
6 0.14 0,36 0,321 0.29 0.29 0.35 0,18 0.22 0.29 0.23 o.231 ] 0.041 0.24 0.35 0,361 0.16 0.18 0,20 0.05 0,07 0.20 0.16
7 0.54 0,67 0.56~ 0.53 0.49 0~52 0,31 0.34 0.40 0.36 0.371 I 0"171 0.40 0.46 0.451 0.22 0.23 0.24 0,09 0.11 0.23 0.21 0.23
8 0,27 0,47 0.401 0,36 0,35 0,40 0.22 0.25 0,32 0,27 0.27J 10,151 0,33 0~41 0.41] 0.10 0.20 0,22 0,07 0,09 021 0.18 0,20

REPRESENTATIVE DRY YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

2 -0.03 0.19 0.04] 0.36 0.09 0,13 0.10 0.09 0,12 0.09 0.14~ I-0.111-0.11 -0.01 -0.101-0.09-0,19-0.08-0,16-0,16-0.09-0,12-0.11
3 0,21 0,20 0.29~ 0.46 0,33 0.24 0,13 0.12 0,I0 0,07 0,13~ l-0,121-0.05 0.02-0.041-0.11 -0.12-0.10-0.17-0.17-0.12-0.14-0.13
4 0.03 0.20 0.10] 0.37 0.t6 0.15 0.09 0.08 0.09 0~06 0.11J -0.09 0.00
5 0.05 0.29 0.12~ 0.41 0.15 0.06 0.08 0.08 0.16 0.20 0.25J 0.14 0.35 0.15 0.28 0.22 0.17 0~06 0.06 0.20 0.27 0.31
6 0.05 0.29 0.12~ 0,39 0.14 0.17 0.15 0.14 0,21 0.19 0.23 I    0’161 0.14 0.35 0.15~ 0.14 0.10 0~15 0.04 0.04 0.18 0.15

I 7 0.49 0,55 0.56 0.67 0.56 0.46 0.28 0.27 0.34 0.30 0.371 I 0"211 0~35 0.45 0,36 0,22 0,19 0.23 0,08 0.08 0.22 0.19 0.22
8 0.19 0.37 0.26 0,48 0.28 0.27 0.18 0.17 0.25 0,22 0.27J ~ 0.28 0.40 0.29 0.17 0.16 0.19 006 0.06 0.19 0.17 0.20

REPRESENTATIVEBELOW NORMAL YEAR
ALT OCT NOV DEC JAN FEB MAR APR M~,Y JUN JUL AUG SEP OCT NOV ~ JAN FEB MAR APR MAy JUN JUL AUG BEP

-0.0gI
-0.02 -0.021 0.10 0,16 0.08 0.27 0.44 0,001-0.01 0.04 0.07 0.141 0~09 0.13 -0.05-0,03-0.06 0.00 0.03 ~,0.14

-0.0~ -0.16 -0,14 -0.07-0.02 -0.022 0.10 0.16 0.08 0.27 0.44 0.001 0.17 0.17 0.18 0.261 0.09 0.13 -0.05-0.03 .0.06 0.00 0.03 -0.09

J -0.og -0.Ot 0.00I 3 0.30 0.34 0.30 0.37 0.52
0.091

0.27 0,20 0,20 0,29 0.08 0.16 -0.01 0.01 -O.0t 0.04 0.06 ~ -0.11
-0.Og -0.024 0,14 0,19 0.13 0,28 0.44 0.00 0.18 0.16 0.16 0,25 0.05 0.12 -0.05 -0.02 -0.05 0,01 0.04 -0.0~ -0.13 -0.18 -0,15 -0.02

5 0.18 0.24 0.17 0.36 0.54 0~09l 0.08 0.12 0,15 0,25~ 0,23 0,26 0,27 0.31 0,24 0,37 0.40 0.30 0,16 0~05 0.08 0.21 0,34 0,38
6 0.18 0.24 0.17 0.36 0.54 0,091 0~20 0~22 0,22 0.33~ 0.23 0,26 0,27 0.31 0.24 0.37 0.40 0.30[ 0.16 0~05 0.06 0,20 0~34 0,38
7 0,57 0,60 0.56 0,63 0.79 0.37 0~48 0.34 0,35 0.51~ 0.36 0,46 0.40 0.42 0.39 0.48 0,50 0.391 0.23 0.0g 0,10 0,24~ 0.42 0,47
5 0.31 0.36 0,30 0~45 0.62 0.18 0.30 0.25 0,26 0.38] 0.27 0,32 0.33 0.35 0.32 0.43 0.46 0,34[ 0.19 0,06 0.08 0.21] 0.39 0.43

ALT OCT NOV ~ JAN F~ MAR APR MAy JUN JUL AUG SEP ~ NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
I -0.01 0.02 0.28 0.17 0.28 0~I0 0.18 0.09 0.08 0,25 0,23 0,21 -0,09 -0.08 -0.01 -0.01 0,0t -0.02 -0.01 -0.13 -0.13 -0.07 0.01 -0.01
2 .0.01 0~02 0.28 0.17 0.28 0.10 0,18 0.16 0.16 0.38 0,23 0.21 -0.09 -0.08 -0.01 -0.01 0.01 -0.02 -0.01 -0,13 o0.12 -0.05 0.01 -0.01
3 0.23 0.25 0,41 0,24 0.37 0.15 0.271 0,19 0.19 0.39 0,22 0,34 -0,03 -0,02 0.02 0.0! 0.05 -0,01 0.01 -0,14 -0~13 -0.07 0.01 0 ~?
4 0,05 0,08 0,30 0,17 0,30 0.09 0.181 0.15 0.15 0.36 0.20 0.23 -0,08 o0,06 0,00-0,01 0.03-0.02-0.01 -0.14-0.14 o0.07 0.00-0.0~
5 0.08 0.11 0.36 0,27 0.38 0.21

0.281
0.16 0.16

0.381
0,38 0.31 0.16 0.22 0.35 0,34 0,41 0.33 0.37 0,09 0,09 0.24/ 0.39 0.37

6 0,08 0,11 0,36 0.27 0.38 0.21 0.28 0.21 0,21

0.45j

0.38 0.31 0.16 0,22 0.35 0,34 0.41 0.33 0.37 0.06 0,06 0.22 0.39 0.37
7 0.52 0.53 0.67 O51 0.63 0.41 0.56 0.34 0,34 0.62 0,54 0,63 0.38 0.40 0,46 0,44 0.53 0.41 0.47 0.t0 0.10 0.27| 0,47 0.47
8     0.22 0,24 0,47 0.34 0.47 0.27 0.37 0.24 0.24 0.50 0,42 0,42       0.31 0,33 0,40 0,40 0,49 0.38 0,42 0.07 0.08 0 24J 0.43 0.41

REPRESENTATIVE WET YEAR
ALT OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV C~C JAN FEB MAR APR MAY JUN JUL AUG SEP

2 0.00 -0.06 0,19 0.03 0.01 -0.26 -0.10 0,11 0.13 0.20 0.14 0.16 -0.08 -0.05 -0.01 -0.10 -0.10 -0.24 -0.17 -0.21 -0.24 -0.20 -0,01 -0.01
3 0,03 0,01 028 0.26 0.26 0.00 0.07 0.16 0.13 0,21 0.14 0,21 -0.02 °0.02 0~02 -0.04 -0.03 -0.12 -0,07 -0.22 -0,22 .0,20 0,00 0.00
4 0.00 -0.06 0,19 0,09 0,08 -0.17 -0,04 0.11 0.12 0.19 0,11 0.15 -0.04 -0.04 -0.01 -0,08 -0,07 -0.16 *0.10 -0~23 -0,23 -0,01 ,0,01
5 003 0,02 0,28 0.11 0.10 -0,21 -0.011 0.00 0,06 0.121 0,28 0.27 0,01 0.24 0.33 0.15 0.17 -0,04 0.20 -0.03 -0.16 -0.03] 0.35 0.38

-0,01 0.35 0.386 0.03 0,02 0,28 0.11 0.10 -0.21 -0,011 0.16 0.16 0.251 0.28 0,27 0.01 0,24 0,33 0.15 0.17 -0,04 0.20 0.01 -0.16

002I 7 0,09 0.23 0.54 0.53 0.53 0.17 0.28 0.29 0.19 0.34 0.44 0.50 0.09 0.33 0,42 O~37 0.41 0,20 0.37 0~06 -0,12 0,03 0,43 0.47
8 0.05 0,08 0.36 0.25 0.25 -0,07 0.10 0,20 0.16 o.25j 0.33 0.34 0.06 0.29 0.37 0,30 0.34 0,13 0.31 0,04 -0,14 0.40 0,43

DESCRIPTION OF ALTERNATIVES:

i 1 Northern Intake, Barrier Conflgura~on A
2 Northern Intake, Barrie~r Configuration B
3 Enlarged Fuebay with North Victoria ~ntake, Barrier Configuration B
4 Enlarged Forebay with Highway 4 Intake, Barri~ Configuration B

5 Northern intake, Barrier Configuration A, CVP tie.in to Forebay Note: (~utiined values indicate that barriers areoperating

i $ Northern Intake, Barrier Configuration B, CVP tie.in 1o Forebay
7 Enlarged F~ebay with North Victoria Intake, Barner Configuration B, CVP t~e.in to Fo~ebay Note: Negative values indicate that water level decreases over
8 Enlarged Forabay with Highway 4 Intake, Bar~er Config~xa~on B, CVP tie-in to Forebay ~e No-Action ,=Jtern~tive
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I
FIGURE C-14

PHASE II MODELING
IMPROVEMENT IN MINIMUM AND AVERAGE WATER LEVELS

ENLARGEb FOREBAY-NORTH VICTORIA INTAKE ALTERNATIVE
REPRESENTATIVE DRY YEAR
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FIGURE C-14 (cont.)
PHASE II MODELING

IMPROVEMENT IN MINIMUM AND AVERAGE WATER LEVELS
ENLARGED FOREBAY-NORTH VICTORIA INTAKE ALTERNATIVE

REPRESENTATIVE DRY YEAR
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FIGURE C-15
PHASE II MODELING

PROFILES OF IMPROVEMENT IN MINIMUM AND AVERAGE WATER LEVELS WHEN BARRIERS OPERATING
ENLARGED FOREBAY-NORTH VICTORIA INTAKE ALTERNATIVE

REPRESENTATIVE CRITICAL YEAR
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FIGURE ~15 (cont.)
PHASE II MODELING

PROFILES OF IMPROVEMENT IN MINIMUM AND AVERAGE WATER LEVELS WHEN BARRIERS OPERATING
ENLARGED FOREBAY-NORTH VICTORIA INTAKE ALTERNATIVE

REPRESENTA~VE DRY YEAR
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FIGURE C-15 (cont.)
PHASE II MODELING

PROFILES OF IMPROVEMENT IN MINIMUM AND AVERAGE WATER LEVELS WHEN BARRIERS OPERATING
ENLARGED FOREBAY-NORTH VICTORIA INTAKE ALTERNATIVE

REPRESENTATIVE BELOW NORMAL YEAR
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FIGURE C-15 (cont.)
PHASE II MODELING

PROFILES OF IMPROVEMENT IN MINIMUM AND AVERAGE WATER LEVELS WHEN BARRIERS OPERATING
ENLARGED FOREBAY-NORTH VICTORIA INTAKE ALTERNATIVE

REPRESENTATIVE ABOVE NORMAL YEAR
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FIGURE C-15 (cont.)
PHASE II MODELING

PROFILEB OI~ IMI~ROVEMENT IN MINIMUM AND AVERAGE WATER LEVELS WHEN BARRIERS OPERATINGi
ENLARGED FOREBAY-NORTH VICTORIA INTAKE ALTERNATIVE

REPRESENTATIVE WET YEAR
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FIGURE C-16
PHASE II MODELING

MINIMUM AND AVERAGE WATER LEVELSIMPROVEMENT IN
DUE TO FOREBAY IMPROVEMENTS ALONE

ENLARGED FOREBAY-NORTH VICTORIA INTAKE ALTERNATIVE
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FIGURE C-16 (cont.)
PHASE II MODELING

IMPROVEMENT IN MINIMUM AND AVERAGE WATER LEVELS
DUE TO FOREBAY IMPROVEMENTS ALONE

ENLARGED FOREBAY-NORTH VICTORIA INTAKE ALTERNATIVE

o o� ~ o~’
o ,i° o o o

OLD RIUER AT TRACV ROAD
~

8 MIDDLE RIUER AT HOWARD ROAD

o
o ~ ~    o o~o~ ~                         0     ~                                  Ooo

OLD RIUER AT MIDDLE RIUER ~ G SAN UOAQUIN RIU~R A~ BRANDT BRIDGE

-2 -1 0 1 2    a 4 S 6 -3 -2 -1 0 1 2 £    4 S

INSIDETOM PAINE SLOUGH ~ G SAN ~OAQUIN NEAR LATHROP

~
L

~ ~ z o
~ ~ o Oo

4
-2     -I 0 I 2       3       4 S 6 -3 -2     -I 0 I 2       3       4       S

CHANGE IN SWP EXPORT IN I000 CFS CHANGE IN SWP EXPORT IN 1000 CFS
a MINIMUM WATER LEUEL ~ AUERAGE WATER LEUEL
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I

~ o. V~         ~               PHASE II MODELING

OLD RIVER NEAR SANTA FE RAILROAD

IMPROVEME~ IN TOTAL DISSOLVED ~LIDS (PP~ IMPROVEMENT IN PERC~T 1

~ -~ -2 -5 3 9 7 6 -20 -19 -27 -5~ -32 -~ -3 -4 3 5 3 3 -~0 -7 -8 -21 I
3 -9 -2 -5 I 25 46 62 27 82 132 56 ~7 -~ -2 -4 2 ~3 lg 24 ~4 30 36 2~ 9

5 -7 -3 -5 2 7 -6 -4 -24 -27 -43 -72 -43 -7 -3 -5 2 4 -2 -2 -~2 -~0 -~2 -27 -22
6 -6: -2 -5 2 22 40 55 28 76 118 43 10 -6 -~ -4 ~ ~ ;7 ~1 ;4 27 3~ 1~ 6 !
7 -12 -3 -7 0 18 35 47 22 83 138 51 5; -11 -3 -6 -1 10 14 18 11 30 38 19 3 18 -7 -2 -5 2 20 40 56 29 79 122 46 11j -7 -2 -4 2 tl 17 22 14 28 34 17 6

1 -2~ -35 -21 -5~ -31 -42 -53 -32 -31 -28 -t9 -4: -13 -25 -19 -33 -21 -27 -32 -23 -25 -22 -14 -2
2 -5~ -23 -18 -4g -29 -18 -13 -3 -9 -6 4 20 -3 -16 -16 -32 -20 -12 -8 -2 -8 -5 3 t2 1
3 -8: -31 -21 -5~ -35 -24 -17 -7 -12 -10 2 20 -5 -21 -t9 -37 -24 -16 -tl -5 -10 -8 1 12 I4 -7; -21 -17 -4~ -30 -20 -18 -3 -8 -5 5 21; -4 -15 -16 -30 -21 -13 -11 -2 -7 -4 4 13
5 -32~ -34 -23 -4g -33 -41 -56 -33 -30 -27 -21 -9~ -17 -24 -20 -32 -22 -26 -33 -24 -24 -21 -15 -5

1
-44 -65 -36 -8 -3    5 -14 -37 -33 -24 -16 -7        -23 -43 -26 -7 -3    4 -12 .30 -27 -t9, -13 -5

3 -52 -70 -43 -12 -4 3 -3 -15 -16 -~ -2 -4 -28 -47 ,32 -9 -4 2 -3 -13 -t4 -6 -2 -3
4 -37 -61 -32 -8 -3 5 -1 -11 -12 -~ 0 -2 -20 -41 -23 -7 -3 4 -1 -10 -10 -4: 0 -1 1
5 -40 -66 -35 -g -3 5 -14 -35 -31 -2~ -18 -I1 -21 -44 -25 -8 -2 4 -12 -28 -25 -18 -14 -8 I
8       -33 -59 -31     -9    -3     4     -2 -11 -11     -4     -1     -5          -18 -40 -22    -8    -3     4     -2 -10 -10    -3,    -1     -4

~E~ATIVE ABO~ ~RMAL Y~R
ALT ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ ~ ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ ~ 1

1 -48 -70 -26 -I -3 0 ~ -7 -20 -2~ -t8 -9 -27 -54 -22 -2 -2 -1 1 -6 -18 -27 -17 -7 12 -48 -70 -26 -1 -3 0 ~ -5 -12 -1~ -8 -7 -27 -54 -22 -2 -2 -1 I -5 -11 -15 -8 -7
3 -66 -79 -31 -2 -4 -3 ~ -8 -16 -1~ -9 -9 -37 -61 -27 -3 -3 -3 0 -7 -15 -17 -9 -7

5 -44 -66 -28 -t -2 0 C -6 .19 -27 -17 -I0 -25 -5~ -24 -2 -2 -1 t -6 -17 -25 -16

7 -86 -98 -43 -5 -12 -7 -1 -t0 -21 -2~ -11 -13 -48 -76 -37 -5 -9 -6 -1 -9 -19 -20 -11
8 -41 -62 -26 -I -3 0 ~ -4 -10 -14 -8 -9 -23 -48 -23 -2 -3 ~1 0 -4 -9 -13 -8 -8

R~RESE~A~E W~ Y~R
ALT ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ S~ ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ S@

1 -38 -18 g4 17 22 56 68 -11 -47 -5; -22 -4 -14 -5 25 7 11 22 28 -8 -30 -39 -17 -3
2 32 26 108 20 22 55 68 3 -54 -45 -11 -3 12 8 28 8 11 22 28 3 -34 -31 -9 -2
3 39 10 98 8 19 53 6~ 0 -82 -5~ -13 -4 15 3 26 3 9 21 28 - I -52 -38 -I 1 -4
4 32 33 113 21 21 55 68 3 -48 -44 -10 -2 ~2 10 30 9 10 22 28 S -30 -30 -9
5 -3g -25 91 19 21 56 67 -9 -47 -58 -21 -5 -14 .7 24 8 10 23 28 -7 -30 -40 -17 -5
6 27 21 104 21 21 56 6~ 3 -62 -47 -10 -4 10 6 27 9 10 23 28 3 -39 -32 -8 -4
7 Ig -16 63 -7 21 44 75 -5 -147 -10C -18 -8 7 -S t7 -3 10 18 31 -3 -93 -68 -15 -7
8 31 28 106 22 19 55 67 3 .43 -45 -10 -4 12 ~ 28 9 10 22 28 2 -27 -31 -9 -4

DE~RI~ION OF ALT~NATWES:

I4 Enlar~d Forebay wi~ Highway 4 I~ake, Baffler C~fig~ation B

I
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PHASE II MODELING

OLD RIVER AT MIDDLE RIVER

IMPROVEME~ IN TOTAL DISSOLVED ~LIDS (PP~ IMPROVEMENT IN PERCENT

0 0 0 0 6 -4 0 2 0 -3 1 -3 O 0 0 0 1 -1 0 1 0 -1 0 -1
0 0 0 0 6 -4 0 2 0 -3 ~ -3
0 0 0 0 7 -4 0 2 5 -3 0 -3 0 0 0 0 I -1 0 1 1 -1 0 -1
0 0 0 0 10 -4 -93 -145 -39 -3 5 -1 0 0 0 0 2 -1 -26 -38 -9 -1 1 0
0 0 0 0 11 -4 0 I -4 -1 10 -3 0 0 0 0 2 -1 0 1 -1 0 2 -1
0 0 0 0 0 -5 0 2 -5 -7 -9 -6 0 0 0 0 0
0 0 0 0 13 -4 0 2 1 2 9 -3 0 0 0 0 3    -1 0 1 0 I 2    -1

0 0 0 0 1 0 -80 9 129 91 4 0
0 0 0 0 1 0 0 2 4 0 5 -3 0 0 0 0 0 0 0 0 1 0 1 -1,
0 0 0 0 1 0 0 7 4 0 6 -2 0 0 0 0 0 0 0 2 1 0 1 0
0 0 0 0 1 0 0 8 4 0 3 -2 0 0 0 0 0 0 0 2 1 0 1 0
0 0 0 0 0 -1 -40 -$3 114 80 14 -1 0 0 0 0 0 0 -10 -3 24 16 3 0
0 0 0 0 0 -2 -t 3 1! 10 17 0 0 0 0 0 0 -I 0 1 2 2 3 0
0 0 0 0 0 -I 0 -3 -6 -8 -10 -12 0 0 0

0      0      0      0    -1      0     6      9      9     14    -2
REPRESE~ATIVE BELOW NORMAL Y~R

0 0 0 0 0 0~ -~7 -66 49 41 -1 -1 0 0 0 0 0 0 -28 -18 11 9 0 0
0 0 0 0 0 0 -1 2 t -1 -2 -1 0 0 0 0 0 0 0 1 1 0 0 0
0 0 0 0 0 0 -t 2 2 1 0 -f 0 0 0 0 0 0 -1 1 1 0 0 0
0 0 0 0 0 0 -1 2 3 2 2 -I 0 0 0 0 0 0 0 1 1 0 1 0
0 0 0 0 0 -6 -65 -82 38 30 -8 -1 0 0 0 0 0 -2’ -19 -22 9 7 -2 0
0 0 0 0 0 -6 -t 2 0 -2 -9 -1 0 0 0 0 0 -2 0 1 0 -1 -2 0
0 0 0 0 O -3 -I 2 -3 -8 -6 -1 0 0 0 0 0

REPRESENTA~E ABOVE NORMAL Y~R
NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ ~P          ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ SEP

0 0 0 0 0 0 0 t34 160 56 0 0 0 0 0 0 0 0 0 24 29 13 0 0
0 0 0 0 0 0 0 22 11 -2 -4 0 0 0 0 0 0 0 0 4 2 0 -1 0
0 0 0 0 0 0 0 ~0 3 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0
0 0 0 0 0 0 0 11 0 0 2 0 0 0 0 0 0 0 0 2 0 0 1 0
0 0 0 0 0 0 0 101 138 43 -3 0 0 0 0 0 0 0 0 18 25 10 -1 0
0 0 0 0 0 0 0 29 25 -2 -4 0 0 0 0 0 0 0 0 5 5 0 -I 0
0 0 0 0 0 0 0 -7 -19 -10 -3 -~ 0 0 0 0 0 0 0 -I -4 -3 -I 0
0 0 0 0 0 0 0 24 15 -2 -2 0 0 0 0 0 0 0 0 4 3 0 0 0

0 0 -7 0 0 0 0 -95 -97 -141 0 0 0 0 -t 0 0 0 0 -36 .33 -50 0 0
0 0 -7 0 0 0 0 2 0 0 0 0 0 0 -I 0 0 0 0 I 0 0 0 0
0 0 -30 0 0 0 0 2 0 0 I 0 0 0 -5 0 0 0 0 I 0 0 I 0
0 I -5 0 0 0 0 2 0 0 I 0 0 0 -I 0 0 0 0 4 0 0 I 0
0 0 -13 0 0 0 0 -106 -99 -141 -11 0 0 0 -2 0 0 0 0 -40 -34 -50 -3 0
0 0 -12 0 0 0 0 2 0 0 -I0 0 0 0 -2 0 0 0 0 I 0 0 -3 0
0 0 -42 0 0 0 0 2 0 0 -5 -1 0 0 -7 0 0 0 0 I 0 0 -~ 0
0 0 -25 0 0 0 0 2 0 0 -3 0 0 0 -4 0 0 0 0 I 0 0 -1 0

DE~RI~ION OF ALTERNATWES:

No~em Intake, Ba~ier Configura~on A
No~hern tn~ke. Barrier C~figuration B
Enlarged F~ebay with Noah Victoria ~ntake, ~rrier ~nflguration B
Eniar~d Forebay with Highway 4 Intake, Bam~ C~fig~a~on B

No~rn Intake, Barrier C~figurati~ A. CVP 1e-in to Forebay Note: ~ed val~s in~te th=t barriers are ~e~ating
No~rn in~ke. Barrier ~n~raton B, CVP ~e-in to For~ay
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~N TH~ SOUTH O~LTk

IMPROV~E~ IN TOTAL D~SOLVEO ~LIDS (PP~ IMPROVEMENT IN P~C~ I

ALT ~ NOV ~ JAN ~ ~R APR ~Y J~ JUL A~ SEP ~ ~Y ~ JAN ~ ~R APR ~Y JUN JUL A~ S~ I
I ~ 0 0 0 92 32 56 55 t08 tO4 96 58 ~ 0 0 0 18 7 15 13 22 21 18 14 12 8 0 0 0 84 21 14 29 66 80 108 49 3 0 0 0 17 5 4 7 14 16 20 11
3 4 0 0 0 76 13 8 23 59 76 I01 46 2 0 0 0 15 3 2 5 12 15 19 11
4 ~ 6 0 0 0 80 17 12 28 6~ 75 103 46 2 0 0 0 16 4 3 6 13 15 20 11

5 0 0 0 16 7 3 35 ;5 0 0 0 81 31 10 t4 80 87 79 48
6 8 0 0 0 74 19 13 24 47 59 82 42 3 0 0 0
7 -3 0 0 0 3 -38 -25 -23 -8 t -20 -35 -t: 0 0 0
8 6 0 0 0 68 15 10 21 43 53 74 39 2 0 0 0 14 4 3 5 9 10 14 9

1 32 0 0 0 39 49 102 170 229 226 146 88
7                            9

0 0 0 10 t2 24 34 46 43 26 18
2 27 0 0 0 33 41 31 79 ~09 115 t40 76 0 0 0 8 10 8 16 22 22 25 16
3 19 0 0 0 24 29 20 70 102 tO7 138 71 5 0 0 0 6 7 5 14
4 25 0 0 0 2g 38 29 76 104 106 138 71 7 0 0 0 7 9 7 15 21 20 25 15
5 30 0 0 0 36 49 62 125 189 187 117 71 8 0 0 0 9 12
6 23 0 0 0 28 37 28 62 83 88 104 60 6 0 0 0 7 9    7 12 17 17 19 13
7 -9 0 0 0 -5 -13 -21 -25 -29 -16 -20 -46 -2i 0 0 0 -1 -3
8 2~ 0 0 0 25 34 25 56 77 81 g4 56 ~~    0 0 0 6 8    6 11 16 16 17 12

R~R~SEmAT~ ~ELOW ~ORMAL Y~R
ALT ~ NOV ~ JAN ~ ~R A~R mY aU~ JUL ~ ~ ~ NOV ~ a~ ~

I 0 0 0 0 0 0 81 92 t68 183 3 -2 0 0 0 0 0     0    21    22    36    38      1     - t
2 0 0 0 0 0 0 14 28 71 73 1 -2 0 0 0 0 0     0      4      7     15    15     0
3 0 0 0 0 0 0 4 25 68 66 0 -2 0 0 0 0 0
4 0 0 0 0 0 0 ~1 29 69 67 1 -2 0 0 0 0 0 0 3 7 15 14 0
5 0 0 0 0 0 0 27 49 131 149 0 -1 0 0 0 0 0 0 7
6 0 0 0 0 0 0 tl 25 55 61 -1 -1 0 0 0 0 0 0 3 6 12 13 0 -1
7 -I 0 0 0 0 0 -19 -18 -16 -25 -5 -2 0 0 0 0 0 0 -5 -5 -4 -5 -t -1
8 0 0 0 0 0 0 8 22 $1 55 -2 -2 0 0 0 0 0 0 2 5 11 11 0 -1

1 0 0 0 0 0 0 0 281 276 191 -t -2 0 0 0 0 0 0 0 48 50 41 0 -1
2 0 0 0 0 0 0 0 168 159 65 -4 -2 0 0 0 0 0 0 0 29 28 14 -1 -1
3 0 0 0 0 0 0 0 164 161 57 -5 -2 0 0 0 0 0 0 0 28
4 0 0 0 0 0 0 0 t60 155 59 -3 -2 0 0 0 0 0
5 0 0 0 0 0 0 0 231 236 ~55 -4 - ~ 0 0 0 0 0 0 0 39 42    33    -
6 0 0 0 0 0 0 0 125 ~19 53 -6 -1 0 0 0 0 0 0 0 21 22
7 0 0 0 0 0 0 0 43 -14 -37 -11 -3 0 0 0 0 0 0 0 7 -3    -8    -2    -1
8 0 0 0 0 0 0 0 114 106 47 -8 -2 0 0 0 0 0 0 0 20 19    10    -2    -1

2 2 t -8 0 0 0 0 3 2 -1 0 -1 I 0 -1 0 0 0 0
3 2 0 -49 -2 0 0 0 2 2 -2 -1 -2 1 0 -9 -1 0 0 0
4 2 0 ,13 0 0 0 0 3 2 0 0 -t 1 0 -2 0 0 0 0             5             1             0             0          -1
5 2 0 -18 0 0 0 0 -10 -35 -66 -4 -1 1 0 -3 0 0 0 0    -4 -I1 -21    -1     -1
6 1 0 -17 0 0 0 0 3 2 0 -1 -1 1 0 -3 0 0 0 0
7 -1 0 ,58 -2 0 0 0 1 -5 -7 -1 -2 0 0 -t0 -t 0 0 0     0    -2    -2     0    -1
8 1 0 -41 0 0 0 0 3 1 -2 -2 -1 1 0 -7 0 0 0 0 1 0    -1      0

OE~RI~N OF ALTERNATNES:

2 No~ern tn~ke. ~r~ C~figura~on B
3 Enlarged F~ebay wi~ No~ Vi~= Intake. Banner Configuration B

6 Nort~rn In~ke, B~i~ ~nfl~ra~on B, CVP ~e-in to For~=y
7 Enlarged F~ebay wi~ N~ Vi~od= In~ke, B~rier ~igur=~ B, CVP ~e,~ ~ F~eb=y No~; Ne~tive values ~dicate ~at salini~
= Enlarged Fore~y wi~ Ht~ay 4 I~ake, B=~er C~flg~=~ B, CVP ~e~n to For~=y No-A~ion AlternaOve

35o 1

1
C--041 593

C-041593



’ ;’,¢2:;" $~ ,~__~O PHASE II MODELING

::,"c~ ~
~

~’~.~

IMPROVEMENT IN MONTHLY AVERAGE SALINITY

I
IMPROVEMENT IN TOTAL DISSOLVED SOLIDS (PPM) IMPROVEMENT IN PERCENT

REPRESENTATIVE CRITICAL YEAR
ALT      OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP          OCT N43V C~C JAN FEB MAR APR MAY JUN JUL AUG SEP

1 151 4 0 0 311 225 14t 202 204 153 2t9 223i
4g 1 0 01 62 50 36 46 42 30 41 50i

2 138 4 0 0 305 248 180 237 271 267 308 260i 44 1 0 (~ 61 55 46 54 56 53 58
3 119 3 0 0: 301 238 165 223 259 262 298 25~ 38 1 0 (~ 60 53 42 51 54 52 56
4 135 3 0 0i 317 265 192 246 277 271 313 264 43 1 0 (; 63 59 49 56 58 53 59 6C
5 36 1 0 0 105 18 14 79 125 104 74 3." I 12 1 0 (; 21 4 4 18 26 21 14 7I 6 -6; 0 0 0i 85 -g -33 -26 15 38 48 6 I -2 0 0 (~ 17 -2 -8 -6 3 8 9 2
7 -21 0 0 11 30 °82 -76 -54 -47 -27 -31 -7~ ’ -7 0 0 (] 6 -19 -t9 -13 -tO -6 -6
8 -12 0 0 0~ 56 -35 -51 -27 -5 11 33 -.~ -4 0 0 (] 11 -8 -13 -6 -I 2 6 -1

REPRESENTATIVE DRY YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

1 165 6 0 01 203 252 215 299 323 344 375 31’ ! 42 2 0 (] 49 58 50 60 64 67 68 64I 2 154i 6 0 Ol 192 269 242 326 345 363 396 327 i 3g 2 0 (] 46 62 57 66 69 70 71
3 141! 6 0 01 178 246 210 312 339 361 395 32E ~ 36 2 0 (; 43 57 49 63 68 70 71
4 184i 6 0 0; 199 283 262 331 346 364 398 32~ 47 2 0 (] 48 66 62 67 69 71 72
5 21 2 0 0i 47 104 103 175 215 242 145 5E 5 I 0 (; 12 24 24 35 43 47 26
6 -31 1 0 0 22 51 12 28 47 66 71 1~ ’ -1 0 0 (; 6 12 3 6 10 13 13 2
7 -271 -I 0

00
-3 -28 -58 -44 -48 -37 -36 -87 -7 -t 0 0 ol -7 -14 -9 -10 -7 o7 -1~I 8 -8 t 0 15 21 -9 12 34 44 53 ? -2 0 0 (] 4 5 -2 3 7 g 10 1

REPRESENTATIVE BELOW NORMAL YEAR
ALT OCT NOV ~ JAN FF.B MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

~ 0 0 0 0 0 0 218 228 277 31~ 33 -2 0 0 0 0 0 0 56 55 60 66 7 - 1
2 0 0 0 0 0 0 194 248 296 33; 32 - 2 0 0 0 0 0 0 50 60 64 6g 7 - 1
3 - 1 0 0 0 0 1 200 243 291 33¢ 31 ¯ 2 0 0 0 0 0 0 52 59 63 68 6I 4 0 0 0 0 0 0 193 250 297 334 34 - 2 0 0 0 0 0 0 50 60 64 69 7 - 1
5 0 0 0 0 0 1 66 106 167 218 24 - 1 0 0 0 0 0 0 17 26 36 45 5 0
6 0 0 0 0 0 1 -32 -17 24 4~ 3 -2 0 0 0 0 0 0 -9 -4 S 10 1 -1
7 -t 0 0 0 0 4 -65 -47 -29 -41 -tO -4 -1 0 0 0 0 t -17 -11 -6 -g -2 ol
8 0 0 0 0 0 0 -46 -17 17 21 0 -3 0 0 0 0 0 0 -12 -4 4 5 0 -1

REPRESENTATIVE ABOVE NORMAL YEARI ALT OCT NOV IT=C JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV D~C JAN FEB MAR APR MAY JUN JUL AUG SEP
1 0 0 0 0 0 0 (; 372 404 3~8 25 - 1 0 0 0 0 0 0 0 71 72 67 5 - 1
2 0 0 0 0 0 0 (; 371 419 332 23 - 1 0 0 0 0 0 0 0 71 75 70 5 - 1
3 0 0 0 0 0 0 (; 365 412 33(; 23 - 3 0 0 0 0 0 0 0 69 74 70 5 -
4 0 0 0 0 0 0 (; 372 420 332 23 -2 0 0 0 0 0 0 0 71 75 70 5 - t
5 0 0 0 0 0 0 (; 227 294 218 16 -2 0 0 0 0 0 0 0 43 53 46 3 - ti 6 0 0 0 0 0 0 (; 87 105 34 -2 -2 0 0 0 0 0 0 0 17 tg 7 -1 -1
7 -1 0 0 0 0 0 (] 29 -3g -68, -13 .4 0 0 0 0 0 0 0 6 -7 -t4 -3
8 0 0 0 0 0 0 (; 63 63 Iti    .4 -3 0 0 0 0 0 0 0 12 11 2 -I -1

REPRESENTATIVE WET YEAR
ALT OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV ~ JAN FF.B MAR APR MAY JUN JUL AUG SEP

i 1 14 0 -6 0 0 0 (; 102 73 7(; 5 -I 3 0 -1 0 0 0 0 37 23 23 1 -1
2 18 0 -6 0 0 0 (; 109 12 21 5 -1 4 0 -1 0 0 0 0 39 4 7 I -1
3 19 0 -39 -4 0 0 (] 88 7 -5, 4 -2 5 0 -7 -2 0 0 0 32 3 -2 t -1
4 19 0 -11 0 0 0 (] 98 9 1~I 5 -1 5 0 -2 0 0 0 0 37 3 6 1 -1

i 7        -5     2 -37    -7     0      0      (;     15 -28 -44i     2    -4           -1      1     -7    -3     0     0      0      6     -9 -t4      1     -1

DESCRIPTION OF ALTERNATIVES:

i 1 Northern Intake, Barrier Conflgurltion A
2 Northern Intake, Bard~" Configuration B
3 Enlarged Fo~ebay with North Victoria Intake, Barrier Configuration B
4 Enlarged Fo~bay with Highway 4 Intake, Bani~ Conflgu~’ation B

$ Northern Intake, Barrier Configuratim’t A, CVP ~e-in to Forebay Note: OJtiined values indicate that barriers are operating

i $ Northern Intake, Barrie~ Configuration B, CVP lie.in to Forebay
7 Enlarged Forebay with North Victona Intake, Birder Configurat~o~ B, CVP tie.in to Forebay Note: Negative values indicate that salinity increases over the
$ Enlarged Forebay with Highway 4 Intake, Birder Co~lfiguratior= B, CVP tie-in to Forebay No-Action Alta,’netive
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1

PHASE II MODELING

IMPROVEMENT IN MONTHLY AVERAGE SALINITY

t I

IMPROVEMENT IN TOTAL DISSOLVED ~LIDS (PP~ IMP~VEMENT IN PERCENT 1
REPRESENTA~E ORdeAL

t 37 1 0 0 t52 g4 t0~ ~37 t60 ~32 ~32 t08 12 0 0 0 30 2t 26 3~ 33 26 25 25
2 26 ~ 0 0 t43 8~ 53 87 133 ~4~ ~78 t~2 8 0 0 0 2~ 18 13 20 28 2~ 34 25
3 ~9 0 0 ~ t47 77 48 82 ~27 ~44 ~72 t08 6 0 0 0 2~ 17 12 ~ 26 28 33 24
4 22 1 0 0 ~43 83 54 86 13t ~47 174 ~t0 7 0 0 0 28 ~g 14 20 27 29 33 25
S t8 0 0 1 76 27 12 ~4 ~06 gg 69 4t 6 0 0 0

I8 2 0 0 1 58 5 -4 8 2~ 33 55 24 ~     t 0 0 0 ~2 t -~ 2 ~ 7 ~ 5
R~RE~E~ATIVE DRY

ALT     ~ NOV ~ JAN ~ ~R ~PR ~Y JUN ~UL A~ ~EP        ~ NO~ ~ J~N ~ ~R ~PR ~Y JUN JUL A~ SEP
1 67 3 0 0 80 ~ 162 237 277 288 224 16~ ~7 ~ 0 0 19 23 3~ 48 55 56 4~ 33
~ ~ ~ 0 0 ~ =~ ~0 ~ ~ ~0~ =~ ~0 ~ ~ 0 0 ~ =~ ~= ~ ~ 40 4~ ~ 1

I4 57 3 0 0 64 gt 8~ t55 185 ~8 230 ~56 ~5 ~ 0 0 t5 21 tg 32 37 38 4~ 32
5 25 2 0 1 35 58 88 t52 200 2t9 ~0 6~ 6 ~ 0 0 8 t3

R~RESE~A~E BELOW ~RM~L I¯ LT ~ NOV ~ J~N ~ ~R ~PR ~ JUN JUL ~ ~ ~ ~V ~ ~AN ~ ~R ~PR ~Y JUN JUL ~ S~
~ 0 0 0 0 0 0 146 ~ 68 224 254 22 * ~ 0 0 0 0 0 0 38 4 ~ 4g ~3 5 0
2 0 0 0 0 0 0 45 87 ~40 ~55 ~3 -~ 0 0 0 0 0 0 t2 2t 3~ 32 3 0
3 0 0 0 0 0 0 45 85 140 t56 ~2 -~ 0 0 0 0 0 0 t2 2~ 30 32 3 0

15 0 0 0 0 0 0 46 84 ~48 tg0 18 -~ 0 0 0 0 0 0 t2 20 32 40 4 0
6 0 0 0 0 0 0 -t ~3 38 51 5 -t 0 0 0 0 0 0 0 3 8 ~t ~ 0

REPRE~ENTATNE ~BOVE NORMAL

It 0 0 0 0 0 0 0 3~2 34t 260 ~4 - t 0 0 0 0 0 0 0 58 6~
2 0 0 0 0 0 0 0 235 267 152 6 - t 0 0 0 0 0 0
3 0 0 0 0 0 0 0 234 268 15~ S -2 0 0 0 0
4 0 0 0 0 0 0 0 227 260 ~47 5 -~ 0 0 0
5 0 0 0 0 0 0 0 2~5 265 ~3 tt -~ 0 0 0 0~ o o o o o o o ~5 ~o~. .~ .~ o o o o      o     o      o    ~    ~     =     o    .~ 1
7 -~ 0 0 0 -1 0 0 34 -3~ -47 -tO -4 0 0 0 0 I8 0 0 0 0 0 0 0 82 ~ 32 -~ *Z 0 0 0 0 0 0 0

ALT ~ NOV ~ ~N ~ ~ ~ ~Y ~UN ~UL ~ S~ ~ NO~ ~ ~N ~ ~R ~ ~Y JUN ~UL ~ SEP
1 ~ 0 -6 0 0 0 0 64 40 24 0 -~ 2 0 -~ 0 0 t 0 23 13 8 0 0~ ~ o .~ o o o o ~ ~ ~ o .~ ~ o .~ o o ~ o ~ ~ ~ o o 1
3 10 0 -3~ -3 0 0 0 ~3 3 -2 0 -~ 3 0 -7 -t 0 0 0 S t -t 0 0 14 ~ 0 -g 0 0 0 0 ~4 4 2 0 0 ~ 0 -2 0 0 0 0 8 t 1 0 0

6 4 0 -t3 0 0 0 0 5 -2 -5 ~ -~ ~ 0 -2 0 0 ~ 0 2 -t -2 0 0

1DE~RI~ION OF

No~ern Intake, Barder Con~gur=~on A

3 Enlarged F~e~ay wi~ No~ Vi~a Intake, Barrier ~n~gur=~on B 1
No~rn In~ke, B~rier Con~ra~on B, CVP ~e-in to For~a~

1
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"~ v,c,o,,~ ~ ~kV~ ~ PHASE II MODELING

.... ’ IMPROVEMENT IN MONTHLY AVERAGE SALINITY

’ MIDDLE RIVER AT HOWARD ROAD

m
IMPROVEME~ IN TOTAl. DISSOLVED ~LIDS (PP~ IMPROVEMENT IN PERC~T

1 ~ 186 23 0 -~4 123 225 199 225 182 101 133 249 5~ 8 0 -4 44 58 50 52 45 29 38
2 172 22 0 -14 117 225 223 262 220 155 173 254 54 8 0 -4 42 58 56 61 55 44 49 6~
3 143 11 0 -27 105 217 217 260 221 i57 173 254 45 4 0 -8 38 56 54 60 55 45 49 6~
4 168 19 0 -18 115 225 224 262 220 156 174 256 5~ 7 0 -5 41 58 56 61 55 44 49 6~
5 184 21 0 -26 120 223 198 225 182 101 134 249 58 7 0 -8 43 57 50 52 45 29 38 6C

I 6 , 168 20 0 -27 113 224 223 263 219 153 173 255 5~ 7 0 -8 40 57 56 61 55 44 49 6~
7

I
-23 0 0 -39 -161 -136 -75 -38 27 -22 -170 -124 -8 0 0 -11 -57 -35

8 16~ 16 0 -31 lil 223 222 261 218 t52 171 253 51 6 0 -g 39 57 56 61 54 43 49 61

ALT ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ ~P ~ NOV ~ JAN ~ ~R ~PR ~Y JUN JUL A~ SEP
1 226 94 0 14 136 144 194 267 262 186 208 278 5~ 27 0 4 44 51 53 60 60 52 57 6~

~ 2 217 92 0 14 129 145 219 301 293 213 222 273 56 26 0 4 41 51 60 68 67 60 60 65
3 189 10 -2 -30 106 134 208 297 294 215 224 275 4~ 3 - ~ -g 34 47 57 67 67 60 61 65
4 216 56 -2 -9 124 145 218 301 294 214 223 275 55 16 -1 -3 40 51 60 68 67 60 61 65
5 223 56 -2 -11 132 143 193 267 262 186 208 278 57 16 -1 -3 43 51 52 60 60 52 57 65
6 212 54 -2 -12 122 146 218 301 294 214 223 274 55 15 -1 -3 39 52 60 68 67 60 61 65

I 8 20~ 26 -3 -32 118 144 2~6 299 292 212 221 273 53 8 - I -9 38 51 59 67 67 59 60 64
REPRESE~ATIVE BELOW NORMAL Y~R

ALT ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ SEP ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ SEP
1 3 -4 -1 0 0 3~ 230 232 239 132 25 -5 1 -1 0 0 0 9 59 56 57 44 7 -2
2 3 -4 - 1 0 0 32 242 271 270 159 34 -5 1 - 1 0 0 0 9 62 65 64 54 10
3 -3t -39 -8 0 0 -73 218 274 272 i61 -8 -6 -~ -12 -3 0 0 -2C 56 66 65 54 -3    -2

I 4 -20 -24 -8 0 0 5 240 271 270 1~0 38 -3 -6 -7 -3 0 0 2 62 65 64 54 11

8 -37 -39 -10 -I -1 -6C 223 270 269 158 -73 -10 -11 -12 -3 0 -1 -1~ 57 65 64 53 -22    -3
REPRES~A~E ABOVE NORMAL Y~R

I ALT ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ S~ ~ NOV ~ JAN ~ ~R
I -7 0 0 -2 0 0 -1 ~4 48 30 -~1 -49 -2 0 0 -i 0 0 0 41 25 16 -37 -15
2 -7 0 0 -2 0 0 -1 96 69 58 -64 -48 -2 0 0 -1 0 0 0 41 35 30 .?~

5 -17 0 0 -7 0 -1 -5 93 48 31 -122 -~4 -5 0 0 -2 -1 -I -2 40 24 17 -55 -19

~ 6 -17 0 0 -7 0 -1 -5 ~6 69 59 -102 -66 -5 0 0 -2 -1 -I -2 41 35 31 -46 -20

8 -18 0 0 -i1 0 -2 -7 93 67 57 -172 -68 -6 0 0 -3 0 -I -2 40 34 29 -78 -20
R@RESENTATIVE W~ Y~R

ALT ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ $~ ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ SEP
1 43 56 39 0 0 0 0 99 99 84 -8 -7 10 13 15 0 0 0 0 36 31 27 -2 -2I 2 46 61 44 0 0 0 0 125 i33 106 2 -7 10 ~4 17 0 0 0 0 45 4t 34 1 -2
3 40 -34 -214 -21 O 0 0 122 137 92 -31 -8 g -8 -81 -7 0 0 0 44 42 29
4 45 31 19 -3 0 0 0 124 132 104 18 -4 10 7 7 -1 0 0 0 47 41 33 5    -1
5 40 53 32 -4 0 0 0 99 98 83 -41 -14 9 12 12 -2 0 0 0 36 30 27 -12
6 43 63 38 -4 0 0 0 125 132 105 -32 -~4 10 14 14 -I 0 0 0 45 41 33 -9    -4
7 -6 -51 -34g -25 1 0 0 44 -3 -29 -146 -7 -2 -12 -132 -8 0 0 0 16 -1 -10 -41 -2

DE~RI~ION OF ALTERNATIVES:

No~hern Intake, Barrier Configura~on A

3 Enlarged F~ebay wi~ Noah Vi~ori~ Intake, Barrfer ~n~guration B
4 Enlar~d Forebay wi~ Highway" 4 t~ake, Ba~ C~fig~ation B

I 353

C--041 596
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TABLE C-19 (cont.)

’-

/~c_~

PHASE II MODELING

"~.~

IMPROVEMENT IN MONTHLY AVERAGE SALINITY

~.o. ,e~..o        .~;;~;.               IN THE SOUTH DELTA

IMPROVEMENT IN TOTAL DISSOLVED SOLIDS (PPM) IMPROVEMENT IN PERCENT

REPRESENTATIVE CRITICAL YEaR
ALT O~T NOV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP

t 4     -7 0 4 5 -14 -30 -21 -18 -28 3 -7 -17 -10 -8 -15 -9
2 3-7

~
3 513 7183710- 3 -7

~
3 3 7 5 9 16 6

-~3 -47 -32 - -t -I 8 5 18 39 10 -38 -28 - -1 -1 5 3 g 17 5 -
4 0 -10 - 3 5 13 7 18 37 10 - -1 -g - 3 3 7 5 g 16 6
5 2 -7 3 4 -14 -29 -20 -17 -26

-I;I              2
-7 2 2 -7 -16 -10 -7 -14

-1 -15         1    4 11    6 16 34    8 -10J             -2 -13         1    2    6    4    8 15    4
REPRESENTATIVE DRY YEAR

ALT OCT NOV ~ JAN F’T=B MAR APR MAY JUN JUL AUG       SEP OCT      NOV       ~ JAN ~ MAR APR MAY JUN JUL AUG SEP

7 -228 -217 -216 -269 -291 -323 -377 -413 -365 -416    -441 -181     -175 -144 -183 -223 -223 -266 -308 -275 -302 -3

REPRESENTATIVE BELOW NORMAL YEAR
OCT      NOV       CEC      JAN        FEB      MAR      APR      MAY       JUN       JUL      AUG       SEP                      OCT      NOV       DEC      JAN        FEB      MAR      APR       MAY       JUN        JUL      AUG       SEP

3 -53 -59 -57 -24 -27 7 0 -8 -8 -4 -11 -40 -49 -48 -17 -20 - 6 0 -6 -7 -4

7 -260 -243 -218 -168 -170 -230 -306 -310 -336 -285 -258 -193 -201 -179 -115 -121 -171 -229 -216 -242 -286,-216 -182

REPRESENTATIVE ABOVE NORMAL YEAR
ALT OCT NOV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP          OCT NOV ~EC JAN FEB MAR APR MAY JUN JUL AUG SEP

7 -216 -163 -172 -212 -42 -124 -299 -382 -417 -314     -288 -157    -124     -142 -156 -24 -80 -252 -322 -356 -271 -244

REPRESENTATIVE WET YEaR
OCT      NOV       DEC      JAN       FF-B      MAR      APR      MAY       JUN       JUL      AUG       SEP                      OCT      NOV       0EC      JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       SEP

2 24 39 51 19 24 2 -1 15 -4 -22 -9 -1 10 17 25 8 10 1 -9 9 -3 -12 o7 -1

17 38 51 15 20 9 14 -7 -22 -10 -3 7 17 26 7 9 4 12 -4 -13 -7 -2
5 -1 24 46 16 23 2 -13| -10 -32 -47 -25 -5 0 11 23 8 10 1 -6 -17 -26 -18 -4
6 21 39 50 17 23 2 -13 15 -7 -22 -11 -4 9 18 25 B 10 1 9 -4 -12 -8 -4
7 -256 °231 -259 -150 -43 10 -105 -142 -160 -233 -257 -103 -102 .127 -66 -tg 5, .61 °74 -87 -163 .186
8 0 34 49 12 19 19 14 -50 -26 -17 -13 0 15 24 6 8

DESCRIPTION OF ALTERNATIVES:

I Northern Intake, B~rriar ContiguraJ~on A
2 Northern Intake, Batd~ Co~figuratJon B
3 Enlarged Forebsy with North Victoria intake, Barrier Configuration B

Enlarged Forebay with Highway 4 Intake. Barrier Co~’~figuration B

$ Northern intake, Barrier C~figur=tio~l A. CVP tie-in to Forebay Note: Outlined values indicate that barriers are operating
$ Northern Intake, B=rri~ Contig, Jratlon B. CVP tie-in to For~sy
7 Enlarged Fotebay with N~’th Victoria Intake, Barrier Corffigura~o~ B, CVP tie-in to Fo~ebay Note: Negative values indicate that salinity increases ove~ the

C--041 597
C-041597



PHASE II MODELING

~";;~" ~ -
~

~. IMPROVEMENT IN MONTHLY AVERAGE SALINITY

VICTORIA CANAL

IMPROVEMENT IN TOTAL DISSOLVED SOUDS (pPM) IMPROVEMENT [N PERCENT

I REPRESENTA13VE CRITICAL YEaR
ALT OCT NOV DEC JAN FE~ M~R APR M~Y JUN JUL AUG SEP OCT NOV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP

1 3 5 0 0 3 2 -17 -30 -22 -19 -28 -13 ~ 5 -I -1 2 2 -9 -18 -12 -8 -16 -9
2 0 4 0 0 2 2 8 7 16 36 10 -g 1 4 -I -1 1 2 5 4 8 16 5 -7
3 -20 -72 -65 -31 -4 -5 3 5 17 38 g -9 -17 -57 -55 -23 -3 -3 2 3 9 16
4 1 2 -4 -5 2 1 9 7 16 35 10 -7 2 2 -4 -4 1 1 5 4 9 16 5 -5

2 4 -2 -2 1 1 -9 -17 -11 -8 -15 -10’

ALT OCT NOV IT~=C JAN FE~ MAR APR MAY JUN JUL AUGI SEP OCT NOV [~C JAN FE~ MAR APR MAY JUN JUL AUG SEP

i 1 ~ -2 -4 -11 -15 -g -32 -36 °40 -37 -21 -4 -3 -2 -4 -7 -10 o7 -23 -26 °30 -28 -15 -3
2 j    -6 0 -3 -10 -17 -9 -6 -2 °9 -10 -8 -g -5 0 -3 -7 -11 -7 -5 -2 -7 -8 -6 -7
3 i -28 -74 °52 -80 -31 -17 -16 o5 -8 -8 -5 -7 ! -20 -57 -45 -52 -21 -13 -12 -4 -6 -6 -4 -6

i 7 -273 -224 -221 -212 -269 -293 .327 -389 -419 -412 -445 -438 i -193 -174 -188 -138 -181 -220 -233 -275 °310 -308 -323 -309

REPRESENTA13VE BELOW NORMAL YEAR

1 -2 °13 -3 -3 -8 61 -24 -41 -43 -39 -21 -5 °2 oll -2 -2 -6 5 -19 -29 -31 -3~ -16 -4

5 -4 -14 -5 -4 -g 5 -25 -41 -42 -39 -22 -? -4 -12 .4 -4 -7 5 -19 -29 -30 -3~ -17 -5

7 -255 -239 -215 -176 -166 -213 -313 -314 -350 -374 -284 -262 -187 -197 -172 -126 -115 -159 -243 -220 -252 -297 -192 -188

i REPRESENTATIVE ABOVE NORMAL YEAR
ALT OCT NOV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP

1 -3 -8 -5 0 -5 2 0 -10 -31 -47 -30 -6 -3 -6 -4 -1 -4 2 0: *g -27 -4I -26 -5
2 -3 -8 -5 0 -5 2 0 -3 -11 -20 -18 -5 -3 -6 -4 -t -4 2 0j -3 -10 -17 .14 -4
3 -105 -119 °80 -34 -10 -36 -37 -3 -10 -18; -16 -43 -76 -92 -66 -26 -6 -24 -301 -3 °8 -1~ -15 -37

I 5 -6 -10 -6 -2 -6 1 0 -10 -31 -46; -3| °7 -4 -8 -S -2 -4 1 -1
6 -6 -10 -6 -2 -6 1 0 -2 -10 -18: -16 -7 -4 -8 -5 -2 -4 1 -1 -3    -8 -1~ -14    -6
7 -216 -165 -170 -216 -45 -126 -218 -340 -453 -4211 -288 -287 -155 -128 -138 -163 -27 -81 -18C -287 °382 -364l -250 -247
8 -g -14 -19 -18 -29 -19 -14 -4 -12 -20i -24 -15 -7 -11 -15 -14 -17 -13 -1~ -4 -10 -18! -21 -13

REPRESENTATIVE WET YEAR
ALT OCT NOV CEC JAN FF..B MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

1 15 27 46 18 20 -6 -g -5 -18 -431 -25 -2 6 12 23 8 8 -3 -(~ -3 -g -24 -18 -2
2 37 43 51 18 20 -6 -9 20 3

-19i
-10 °2 14 19 28 8 g -3 -6 11 2 -1(~I -8 -2

4 22 40 52 18 21 4 0 19 -22 -21 -11 °6 8 18 26 8 g 2 1 14 -I1 -11 -8
5 8 27 46 17 20 -5 -9 -5 -20 -4~ -26 -4 3 12 23 8 9 -3 -~ -3 -I0 -24: -18    -3

i 7 -235 -224 -238 -155 -49 -2 0 -105 -134 -155 -214 -263 -68 -97 -117 -69 -22 -I 0 -60 -66 -83 -150 -199
8 -11 34 49 15 16 11 -2 18 -107 -3~ -22 -25 -5 15 24 7 7 6 -I 11 -53 -18 -15 -20

DESCRIPTION OF ALTERNATIVES:

i 1 Northern Intake. Barrier Configuralfon A
2 Northern Intake, Blrri~r Configuration B
3 Enlarged Forebay with North Victoria Intake, Barrier Configuration B
4 Enlarged Forebay with Highway 4 Intake, Bardl¢ Co~lflgutation B

S Northern Intake, Harder Cc~lflgura0on A, CVP tie-in to Forebay Note: O~J~ined values Indicate that barriers are operating

i ti Northern Intake, Barr~ Contigura~on B, CVP tie-in to Forebay
7 Enlarged Fo~ebay with North Victoril Intake, Barrier Configuration B, CVP tie.L~ to F~ebay Nota: Nag.ltive values indicate that salinity increases ove~ tile
ti Enlarged Forebiy with Highway 4 intake, Harder Co~lflgu~ation B, CVP tie.in to Forebay No-Action Alternative

I 355

C--041 598
C-041598



PHASE II MODELING

.....
~ "~

~. IMPROVEMENT IN MONTHLY AVERAGE SALINITY

.N~,:;;E~ ~
OLD RIVER AT SOUTH END OF WEST CANAL

IMPROVEME~ IN TOTAL DISSOLVED ~LIDS {PP~ IMPROVEME~ IN P~ENT

REPRE~ENTA~E CR~AL

2 3 -13 -14 1 23 44 58 45 68 110 53 17 2 -10 -11 1 13 19 23 20 26 32 21 9
3 -10 -26 -32 -10 13 33 44 29 57 103 42 10 -8 -21 -26 -7 8 14 17 13 21 30 16 6
4 6 -18 -23 0 34 59 69 51 74 107 52 19 5 -14 -i9 -1 19 25 26 23 28 31 20 10

6 -15S -138 -149 -203~ -217 -192 -136 -204 -162 -g6 -~93 -213 -123 -109 -121 -136 -117 -81 -52 -90 -60 -28 -73 -111
7 -195 -168 -171 -229 -299 -282 -190 -267 -261 -192 -301 -314 -151 -133 -140 -153 -tBt -119 -73 -117 -97 -56 -114 -164
8 -174 -158 -167 -224 -244 -216 -149 -222 -201 -135 -218 -231 -13~ -124 -136 -150 -13; -91 -57 -97 -75 -39 -83 -120~

R~RESENTATNE DRY Y~R
ALT ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL *~ S~ ~ ~V ~ JAN ~ ~R APR ~Y JUN JUL "~ ~P

2 71 -22 -11 -401 -26 -I1 6 16 5 -7 4 16 4 -15 -9 -26 -17 -7 4 9 4 -6 3
3 -17~ -57 -31 -71i

-47 -33 -23 2 0 -9 2 14 -g -40 -24 -46 -32 -22 -14 2 0 -7 2
4 33: -6 -13 -23’~ -18 4 19 20 6 -6 5 17 17 -4 -10 -15 -12 3 11 12 4 -5 4 10
5 -156; -177 -185 -t91i -204 -193 -148 -138 -125 -123 -246 -237 -80 -124 -142 -122 -134 -129 -84 -81 -83 -90 -159 -136
6 -173~, -176 -185 -191j -219 -210 -212 -270 -271 -276 -295 -267~ -89 -124 -142 -122 -144 -140 -121 -159 -180 -201 -190 -154~
7 -216] -221 -210 -226 -269 -303 -298 -372 -398 -415 -439 -395 -112 -155 -161 -144 -177 -202 -170 -219 -264 -301 -284 -227
8 ~ -199 -204 -210 -234 -232 -234 -2~7 -298 -313 -331 -287 -9~ -139 -157 -134 -154 -155 -133 -175 -197 -228 -214 -166

REPRESE~ATNE BELOW NORMAL Y~R
ALT ~ ~V ~ JAN ~ ~R APR ~Y JUN JUL A~ S~ ~ ~V ~ JAN ~ ~R APR ~Y JUN JUL

2 -22 -40 -32 -15 -27 6 9 18 0 -7~ -1 -4 -13 -2g -24 -11 -19 S 7 11 0 -5 -1     -3
3 -80 -94 -76 -34 -37 -4 6 12 -5 -9~ -5 -16 -46 -66 -56 -24 -27 -3 4 7 -3 -7 -4
4 10 -19 -t7 -21 -36 2 9 20 0 -5 0 -1 6 -13 -13 -t4 -26 2 7 12 1 -4 .1 -I
5 -180 -196 .173 -146 -155 -263 -182 -129 -128 -126; -273 -202 -103 -130 -127 -99 -111 -196 -136 -78 -85 -9S -190 -127
6 -180 -196 -173 -146 .155 -263 -242 -233 -258 -270 .302 -202 -103 .130 -127 -gO -111 -196 -180 -141 -171 -20~ -~10 -127
7 -222 -231 -208 -163 -170 -297 -300 -291 -341 -389 -382 -220 -127 -163 -153 -110 -121 -222 -223 -176 -226 -293! -266 -144
8 -200 -216 -193 -~5~ -167 -282 -262 -249 -280 -303 -342 -21g -114 -153 -143 ,107 -110 -211 -195 -151 -185 -228,1 -238 -138

~PRES~TA~E ABOVE ~RMAL Y~R
ALT ~ NOV ~ JAN ~ ~R APR ..Y JUN JUL A~ S~ ~ ~ ~ JAN ~ ~R A..Y JUN JUL A~ SEP

6 -147 -128 .147 -lgt -38 -11t -187 -280 -283 -289~ -326 -231 -87 -89 -t18 ~134 -22 -67 -142~ -219 -225 -24~ -272 -181
7 -17~ -148 -166 -214 -3~ -11~ -213 -381 -46~ -4tT! -400 -286 -106 -103 -133 -iS0 -23 -72 -162~ -298 -373 -354 -333 -224

ALT ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ ~ ~ NOV ~ J~N ~ ~R ~PR ~Y JUN JUL A~ S~
1 5 15 t06 ~ 0 20 15 32 31 -1~ -2~ -6 1 5 32 4 0 ~ ~ t5 12 -5
2 36 4g 116 10 0 20 15 36 -47 -2~ -17 -5 9 15 35 4 0 ~

~
18 -18 -13 -13

4 279514625 -4 22 15 36-52-3,-18 -6 72944 10 -2 10 9, 20-19-14-13 -4

6 -60 -129 -172 -73 -31 20 16 -75 -63 -I0~ -275 -208 -16 -39 -51 -28 -14 9 9 -36 -23 -4g -192 -144
7 -97 -153 -217 -103 -40 19 15 -78 -70 -11; -3t0 -241 -26 -47 -65 -40 -18 9

~
-38 -26 -53 -218 -167

8 -69 -138 -194 -88 -38 19 15 -76 -63 .tl; -301 -231 -18 -42 -58 -34 -17 8 -37 -24 -51 -211 -160

1 No~ern ~take, ~rder Con~g~l~on A
2 No~em In~ke, Barri~ C~flgut=tion B
3 Enlargsd F~ebay wi~ No~ Vi~a ~take. ~rder ~n~ration B
4 Enlar~d Forebay w~ Highway 4 l~ake. ~i~ C~fig~a~on B

~ No~rn Int~e, ~rder C~flgutat~ A. CVP ~e~n to Foreb~y Nots: ~Uined val~s ~d~te ~at b~ders ~re ~era~ng
$ No~rn In~ke, ~ ~nfi~ra~on B, CVP ~e-in to Fot~=y
7 Enlarg~ F~ebay with N~ Vi=oda In~ke, BMrier ~gura~ B. CVP ~e-ln ~ F~ebay No~: NerVe valuss indicats that salini~ i~eases ov~ ~e
~ Enl=rged Forebay wi~ HI.way 4 l~ake, ~rder C~flg~a¢~ B, CVP ~e~n to For~=y No-A~ion Alternative

Ii

I
C--041 599

C-041599



PHASE II MODELING

IMPROVIENT IN TOTAL DISSOLVED IUDS (PPI IMPROVEMENT IN PERCENT

0 0 -3 2 18 39 52 23 5g 101 41 8 -1 0 -3 1 10 17 20 12 23 30 !6     5
-14 -9 -16 -7 6 24 33 8 4g 100 2~ 0 -11 -8 -14 -5 3 10 13 4 19 30 12

1 -3 -8 0 33 5g 68 31 69 110 53 1~ 2 -3 -7 1 lg 25 27 16 26 33 21 9

-201~ -176 -177 -235 -293 -293 -204 -2~2 -266 -196 -308 -32; I -162 -148 -152 *169 -162 -126 -80 -141 -102 -58 -121 -176

-22~ -215 -225 -218 -267 -282 -303 -3~0 -417 -414 -440 -407 : -124 -151 -195 -139 -176 -187 -17g -257 -307 -303 -292 -239
-16~ -125 -16~ -14~ -200 -185 -198 -235 -235 -211 -23~ -235 .87 -87 -147 -89 -132 -123 -117 -155 -174 -155 -159 -138

-219 -224 -205 -177 -172 -266 -312 -323 -356 -38~ -325 -246 -123 -157 -150 -130 -124 -204 -245 -232 -260 -288 -231 -~63
-114 -142 -126 -142 -143 -181 -230 -242 -228 -20~ -235 +191 -64 -gi -g3 -104 -t04 -139 -181 -174 -167 -156 -167 -126

REPRES~A~E ABOVE NORMAL Y~R
~ ~V ~ JAN ~ ~R APR ~Y JUN JUL A~ S~ ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ SEP
-22 -3g -19 -2 -14 -2 0 -6 -23 -3~ -23 -5 -13 -30 -16 -2 -g -2 0 -6 -20 -31 .20

-184 -160 -173 -225 -52 -133 -22~ -362 -463 -422 -354 -2~1 -110 -121 -145 -174 -32 -87 -183 -300 -386 -361 -298 -239

REPR~E~ATIVE W~ Y~R

-9 17 g8 24 1~ 3g 2g 0 -14 -5C -27 -2 -3 6 30 9 g 16 15 -t -7 -2g -lg -2
37 52 108 25 20 39 2g 13 -84 -5~ -14 -2 12 17 33 10 ~ 16 15 8 -41 -33 -10 -2

23 9g 148 42 17 40 31 13 -tOt -56 -15 -3 8 31 45 17 7 16 17 11 -49 -32 -11 -3
-94 -62 -21 -56 -18 36 32 -25 -45 -77 -157 -143 -30 -10 -7 -22 -8 15 17 -15 -22 -45 -111 -106
-82 -42 -15 -55 -18 36 32 -g2 -126 -141 -149 -143 -26 -13 -5 -22 -8 15 17 -54 -61 -81 -106 -106

-169 -150 -168 -118 -44 37 32 -it3 -136 -167 -272 -257 -53 -47 -52 -47 -20 15 17 -66 -66 -97 -lg3 -lg0

Enlarged F~ebay withNo~ Vl~oda ~tlke, B~er ~nfigura~on B
Enla~d Forebay withHighway 4 Intake, Ba~ C~g~l~on B

No~rn Intake, ~rrierC~figurati~ A, CVP le-in to Forebay Note: ~lined v=l~= in~te that b~rier= lie ~eri~ng

357

C--041 600
(3-041600
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TABLE C-19 (cont.)

__
PHASE II MODELING

"= ~ ~ ’~    %~. IMPROVEMENT IN MONTHLY AVERAGE SALINITY
’ u .... IN THE SOUTH DELTA

OLD RIVER AT HIGHWAY 4

¯
IMPROVEMENT IN TOTAL DISSOLVED SOUDS (ppM) IMPROVEMENT IN PERCENT I

REPRESENTATIVE CRITICAL YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG~" oc~ NOV~ JAN~ MAR,,. MAYJUNJU- ,UG SEP []

I -7 -3 -6 2 17 g 8 -12 -iS -2g -61 -36 ~ -3 -5 2 ~ 4 3 -5 o5 -8 -21 -I~ I2 -61 -2 -5 3 26 45 54 28 74 124 55 18 -6 -2 -5 2 13 18 19 13 25 31 19 g

3 -131 -4 -6 -1 18 36 43 13 66 126 48 13 -11 -4 -6 -1i
g 14 15 6 23 32 16 6

4 -31 -4 -6 3 36 57 64 36 82 131 61 21 -2 -4 -6 21 16 22 23 16 28 33 21
5 -7 -4 -6 2 13 6 6 -13 -15 -23 -61 -39 -7 -4 -6 1 7 3 2 -6 -5 -6 -21 -19
6 -7 -2 -6 2 25 44 52 26 70 t2t 50 16 -7 -3 -6 2 13 17 19 12 24 30 17 7 ¯

REPRESENTATWE DRY YEAR
ALT              OCT      NOV       ~      JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG      SEP                 OCT      NOV       DEC      JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       SEP

1 -18 -31 -21 -45 -32 -37 -49 -27 -27 -24 -tg -3 -g -21 -lg -29 .21 .23 -27 -17 -20 -18 -13 -2
2 -8 -19 -18 -44 -32 -|7 -11 -6 -8 -8 4 23 -4 -13 -16 -28 o21 -11 -7 -3 -7 -7 3 1~ ¯
3 -24 -33 -23 -60 -46 -30 -32 -18 -16 -12 t 21 -12 -22 -20 -38 -31 -19 -18 -11 -12 -9 1 11
4 10 -6 -15 -31 -26 -6 o1 0 o7 -7 6 25 5 -5 -13 -20 -17 -4 -1 t -5 -5 4
5 -21 -32 -23 -46 -34 -37 -62 -28 -28 -26 -19 -4 -IC -21 -20 -29 -22 -23 -29 -16 -20 -19 -12
6 -9 -18 -19 -45 -33 -16 -12 -4 -8 -8 3 22 -5 -13 -17 -28 -22 -10 -7 -3 -6 -6 3
7 -213 -115 -181 -128 -228 -71 -174 -336 -391 -313 -374 -388 -105 -77 -161 -81 -149 -44 -97 -213 -285 -226 -234 -205
8 .,I -11 -46 -37 -39 -6 -11 -52 -66 -51 -57 -34 -__.____~-8 -43 -23 -26 -4 -6 -33 -48 -37 -36 -1~ i

REPRESENTATIVE BELOW NORMAL YEAR
ALT OCT NOV [TcC JAN FEB MAR APR MAY JUN JUL AUG SF-.P OCT NOV [TcC JAN FEB MAR APR MAY JUN JUL AUG SEP

1 -29 -58 °33 -10 -5 4 -13 -33 -31 -24 -17 o7 -15 -37 -23 -9 o5 4 -11 -25 -24 -19 -12
2 -29 -58 -33 -10 -5 4 -2 -15 -16 -7 0 -1 -15 -37 -23 .9 -5 4 -2 -11 -13 -6; 0 -1
3 -53 -77 -50 -17 -8 1 -6 -25 -25 -13 -2 -6 -27 -49 -36 -14 -7 2 -6 -19 -19 o11i

-2
4 2 -31 -17 -13 -12 3 -2 -12 -14 -6 1 2 1 -21 -12 -II -10 2 -2 -g -11 -51 1 1 ¯
5 -28 -60 -33 -11 -6 4 -13 -34 -32 -25 -17 -g -14 -39 -23 -g -6 3 -11 -25 -25 -2(~i -12 -6
6 -28 -60 -33 -11 -6 4 -3 -15 -15 -7 0 -4 -14 -39 -23 -9 -5 3 -2 -11 -12 -6! 0 -3
7 -126 -148 -139 -175 -169 -86 -266 -318 -333 -209 -97 -215 -63 -95 -98 -135 -127 -65 -216 -236 -249 -16(;j -67 -136
8 -8 -45 -25 -39 -48 -19 -23 -84 -69 -35 -48 -51 -4 -29 -16 -31 -37 -15 -19 -62 -52 -281 -33 -33

R~PRESENTATIVE ABOVE NORMAL yEAR
ALT OCT NOV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP OC3r NOV CEC JAN FEB MAR APR MAY JUN JUL AUG S~’ ¯

1 -38 -65 -27 -2 -3 -2 0 -6 -19 -29 .21 -7 -20 -49 -23 -2 -3 .1 0 -6 -17 -26 -18 -7
2 -38 -65 -27 -2 -3 -2 0 -8 -14 -17 -1t -6 -20 -49 -23 -2 -3 -I 0 -8 -12 -16 -9 -5
3 -71 -86 -38 -6 -7 -13 -2 -17 -23 -22 -13 -11 -38 -66 -33 -6 -5 -9 -2 -15 -21 -2(~ -t2 -10
4 -12 -44 -22 -6 -18 -4 -tl -6 -12 -17 -11 -2 -6 -33 -19 -6 -12 -3 -2 o5 -11 -16 -I0 -2
5 -37 -65 -28 -3 -5 -3 0i -7 -20 -30 -21 -8 -20 -49 -24 -2 -4 -2 -t -7 -18 -27 -19 -7
6 -37 -65 -28 -3 -5 -3 0i -9 -14 -17 -11 -7 -20 -49 -24 o2 -4 -2 -1 -8 -12 -18 -t0 -7 ¯
7 -136 -153 -163 -194 .66 -132 -172i -233 -276 -318 -131 -151 -73 -115 -139 -158 -44 -89 -148 -197 -237 -28(~ -112 -123
8 -14 -51 -45 -47 -32 -40 -32J -50 -59 -56 -64 -30 -8 -38 -39 -38 -22 -27 -28 -43 -60 -58 -55 -2E

REPRESENTATIVE WET YEAR
ALT OCT NOV [TcC JAN FEB MAR APR MAY JUN JUL AUG S~P OCT NOV’ CEC JAN FEB MAR APR MAy JUN JUL AUG SEP

1 -22 7 124 23 20 92 681 - t -43 -57 -27 -4 -6 2 31 9 9 30 28 - 1 -25 -35 -21 °4
2 62 54 138 25 20 92 68 5 -84 -79 -16 -3 20 14 34 10 9 30 28 3 -48 -49 -13 -3 []
3 53 26 106 -8 0 95 87 -I0 -117 -121 -22 -7 18 7 26 -3 ol 32 36 -7 -67 -78 -17 -6
4 59 102 174 36 17 91 8(~ 6 -112 -63 -17 -3 19 27 42 14 8 30 33 7 °64 -3~ -13 -2
6 -23 7 121 23 21 91 68 -2 -44 -58 -28 -5 -8 2 30 9 10 30 28 ol -25 -35 -21
6 62 53 135 26 21 91 68 4 -131 -81 -17 -4 17 14 33 10 10 30 26 2 -75 -51 -13 -4
7 -191 -36 44 ¯106 -63 92 88 -112 -165 ¯181 -127 -217 -62 o10 11 -40 -29 30 36 -68 -94 -11~ -93 -164
8 -54 93 168 28 9 90 81 -39 -150 -113 -62 -51 -18 25 41 10 4 30 33 -24 -86 -7(: -46 -39

Ī
DESCRIPTION OF ALTERNATIVES:

1 Northern Intake, Barder Configuration A
2 Northern Intake, Barder Cc(lflguration B ¯
3 Enlarged F~ebay with North Victoria ~take, ~rrier Configuration B
4 Enlarged Forebay with Highway 4 Intake. Barfi~ Co~fig~ation B

$ Northern Intake, Barder Configuration A, CVP tie-in to Forebay Note: ~Jttined values indicate that barriers are operating
6 Northern Intake, Barri~ Configuration B, CVP ~-in tO Forebay
7 Enlarged Fo~ebay with N~cth Victoda Intake. Sarrier Configuration B, CVP tie-in to Forebay Note’, Negative values indicate that salinity increases ov~ the ¯
9 Enlargad Forebay with Highway 4 Intake, Barder Configu~atio~ B, CVP tie-in to Fordoay No-Action Alternative |

I
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~ IMPROVEMENT IN MONTHLY AVERAGE SALINITY

REPRE~E~A~E CR~AL Y~R

-4 -3 -5 4 34 67 85 36 94 164 69 28 -4 -4 -5 3 16 23 27 16 30 38 22 13
-11 -4 -6 5 34 71 88 33 97 171 76 30 -9 -4 -6 4 16 25 28 15 30 40 24 14
-2 -4 -5 6 43 80 I0~ 43 103 175 ~3 36 -2 -4 -5 5 20 28 32 19 32 41 27 16
-6 -S -6 6 22 25 30 -8 0 -2 -53 -33 -~ -4 -6 4 11 9 I0 -3 0 -I -17 -15
-5 -4 -6 6 34 68 84 37 92 152 63 24 -4 -4 -5 4 16 23 27 16 29 35 20

-45 -39 -66 -50 -11 -49 -56 -125 17 98 -74 -177 ~ -37 -35 -59 -36 -6 -17 -18 -53 5 23 -23
-2 -5 -6 6 44 84 106 46 108 181 90 37 ’~    -~ -5 -5 4 21 29 33 20 34 42 28

R@RESENTATIVE D~ Y~R

-11 -25 -24 -42 -34 -32 -38 -27 -26 -23 -20 I -5 -16 -22 -27 -22 -19 -20 -17 -20 -16 -13 I
I -13 -21 -41 -34 .11 -7 -4 -7 -4 5 30 I -9 -20 -26 -22 -7 -4 -3 -6 -3 3 16

-I -30 -24 -59 -41 -26 -12 -9 -11 -6 5 32 -I -20 -21 -37 -27 -16 -7 -6 -9 -4 3 16
18 -4 -17 -32 -29 -4 4 0 -6 -3 7 34 ~ 8 -3 -15 -21 -19 -2 2 0 -5 -2 4 ~7

¯13 -26 -26 -43 -34 -32 -36 -28 -26 -22 -ll 1 ~ -6 -17 -23 -27 -22 -19 -19 -18 -20 -16 -12 1
0 -14 -22 -42 -34 -9 -2 -1 .5 -3 5 30 ~ -1 -9 -21 -27 -23 -S -I -1 -4 -2 3 16

.101 -52 -80 -74 -101 -33 -52 -154 -175 -104 -151 -205 ~ -46 -34 -71 -47 -65 -20 -27 -~7 -129 -73 -95 -I05
23 -2 -17 -30 -27 0 12 2 -6 -3 8 34 t0 -2 -15 -19 -17 -I 6 2 -5 -2 5 18

-20 -53 -28 -10 -4 6~ 0 -13 -12 -2 4 2 -10 -33 -19 -8 -4 5 0 -10 -~0 -I: 3 2
-48 -74 -47 -13 -5 5 -1 -19 -17 -2 3 3 -23 -47 -33 -tl -4 4 -2 -14 -13

-2,
3 2

-17 -52 -28 -10 -4 6 -12 -31 -27 -16 -13 -2 -8 -33 -19 -8 -4 5 .tO -23 -20 -1 2 -9 -1

-82 -104 -78 -99 -94 -81 -71 -207 -164 -49 -16 -98 -39 -66 -54 -76 -70 -6 -58 -153 -120 -36~ -11

-27 -60 -30 -2 -2 0 0 -6 -10 -12 -7 -5 -15 -45 -26 -2 -t 0 I -5 -9 -11 -6 -5
-65 -86 -37 -2 -5 -3 0 -10 -16 -14 -6 -7 -34 -64 -32 -2 -4 -3 0 -9 -14 -13 -6 -6

-96 -123 -97 -83 -67 -93 -59 -77 -79 -101 -31 -33 -50 -92 -83 -68 -44 -62 -50 -65 -67 -86; -25 -27

REPRESE~AT~E W~ Y~R

-25 -5 140 40 27 79 66 -2 -44 -57 -24 -t -8 -2 31 14 12 27 27 -2 -26 -3~ -~7 -2
60 48 155 42 27 79 66 4 -96 -74 -13 0 20 12 35 15 12 27 27 3 -57 -4~ -!0 -1
62 44 142 22 28 71 81 -5 -126 .~03 -17 -1 20 11 32 8 12 25 34 -4 -74 -6~ -12
69 97 193 53 26 75 68 5 -91 -62 -15 0 23 24 43 18 11 26 28 6 -54 -3~ -11 -1

-24 0 139 40 27 80 65 -1 -45 -57 -23 -2 -8 0 31 14 12 28 27 -1 -27 -3( -17 -2
55 53 153 43 27 80 65 5 -124 -76 -13 - I 18 13 34 15 12 28 27 3 -73 -48~ -9 -2

-146 8 107 -36 -22 70 84 -99 -177 -193 -53 -88 -48 2 24 -13 -9 24 34 -61 -t05 -121~ -39 -64
56 111 212 53 24 76 71 S -86 -57 .13 0 18 2~ 47 19 11 26 29 3 -51 -36: -9

No~ern Intake, ~r~er Conflgura~on A
No~hern In~ke, ~ C~figura~on B

Entar~d Forebay withHighway 4 Intake, ~wi~ C~fig~ation 8

No~rn intake, ~rrier C~figutzti~ A, CVP Ue~n to Forebay N~e: ~ined v~s ind~te ~at b~riers itl ~erating
No~rn In~ke, ~ ~nfi~ra~on B, CVP ~in to For~ay
Enlarged F~ebay wi~ N~ Vi~o~l {n~ke, Bamer ~igura~ B, CVP ~e-in ~ F~ebay Note: Negative va~es indicate that salini~ i~eases ov~ ~e
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I
PHASE II MODELING

IMPROVEMENT IN MONTHLY AVERAGE SALINITY

MIDDLE RIVER AT WOODWARD CANAL

4 -1~ 2 0 2i 3 1 8 2 16 36 8 -14 -2 3 -1 2 2 1 4 2 0 16 4 -10

REP~SE~ATIVE DRY
ALT ~ ~Y ~ JAN ~ ~R APR ~Y JUN JUL A~ SEP      ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL

7 -~67 -115 -129 -ltl -144 -t42 -157 -117 -125 -55 -95 -205~ -t2t -92 -112 -72 -97 -107 -tll -87

1 -3 -13 -4 2 -6 3 -28 -51 -45 -37] -2t -5 -3 -12 -4 2 -4 2 -22 -38 -33 -2~ -16 -4

3 -18 -28 -15 3 -2 6 0 -11 -tO -6 -5 -4 -14 -23 -13 3 -2 5 0 -8 -7 -5 -4 -3

5 -5 -15 -6 1 -6 3 -28 -51 -44 -37l -21 -6 -4 -12 -5 1 -5 3 -22 -38 -32 -2G -16 -5 H

!
6 -7 -11 -6 -1 -4 0 0 -2 -I0 -1~ -13 -6 -5 -10 -6 -1 -3 0 0 -3 -8 -14 -11
7 -120 -99 -100 -121 -46 -87 -119 -50 -43 .12~ -144 -139 -88 -79 -84 -93 -28 -61 -100 -42 -37 -104 -124 -122

R@R~ENTA~E W~ Y~R

1 -11 22 46 16 24 64
45li

-25 -50 -6~ -22 -2 -5 10 23 7 11 23 2t -17 -30
2 13 37 51 16 24 64 45 0 -26 -3~ -8 -1 6 17 25 7 11 23 21 I -16 -21 -6 -I

4 14 38 51 21 26 68 51 0 -26 -34 -7 0 6 17 26 10 12 24 2~ 4 -16 -21 -6 -I
5 -14 23 46 18 25 66 4~ -25 -52 -6~ -21 -3 -7 10 23 8 11 23 21 -17 -31 -37 -15 -2
6 10 38 50 1~ 24 66 4S 0 -28 -3~ -8 -2 4 17 25 9 11 23 21 1 -17 -21 -6 -2
7 -198 -126 -116 -76 -19 79 6; -77 -134 -13~ -102 -149 -88 -57 -57 -34 -8 28 28 -50 -78 -81 -74 -116
8 11 38 50 21 28 69 5~, I -28 -34 -8 -3 5 17 25 10 12 25 2~ 1 -17 -21 -6 -2

i
1 No~ern ~ke, ~rder Conflgura~on A
2 No~ern tn~ke, ~td~ C~figur~on B

S No~rn Intake. ~rrier C~flgura~ A, CVP te~n to Forebay N~e: ~�~ed val~= in~te ~at b~rlers are ~eta~g
6 No~rn In~ke, ~ri~ ~nfl~rl~on B, CVP ~in to For~ay

C--041 603
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~ ~c.~.o_~:, y 9, V~~
~0 PHASE II MODELING

IMPROVEMENT IN MONTHLY AVERAGE SALINITY
IN THE SOUTH DELTA

’

/~~~

MIDDLE RIVER AT SANTA FE RAILROAD

I IMPROVEMENT IN TOTAL DISSOLVED SOLIDS (PPM)                                      IMPROVEMENT IN PERCENT

REPRESENTATIVE CRffioAL YEAR
ALT OCT NOV CLzC JAN FEB MAR APR MAy JUN JUL AU~ SEP OCT NOV ~EC JAN FEB MAR APR MAY JUN JUL AUG SEP

i. 1 t 3 0 0 3 0 -21 -38 -26 -21 -32 -21 2 3 -! 0 3 0 -12 -24 -13 -9 -18 -15
2 0 2 0 0 2 2 7 0 18 43 g -14: -I 2 -t 0 2 2 4 1 10 19 5 -10
3 -5 3 0 -3 -3 -5 3 -2 14 39 6 ol5 -4 3 -I -2 -2 -3 2 -1 8 17 3 -10
4 0 3 0 0 2 3 8 t 19 43 tO -121 0 3 -1 0 2 2 $ 1 t0 19 6 -8

-22 2 -2 7 -3 -4

REPRESENTATIVE DRY YEAR
ALT    OCT NOV Dr:C JAN FEB MAR APR MAy JUN JUL AUG SEP        ~ NOV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP

1 -5 -3 -4 -13 -15 -10 -36 -43 -46 -40 -22 -9 .4 -3 -4 -9 -11 -9 -26 -34 -38 -32 -18 -7

5 -5 -15 -5 -4 -7 1 -32 -53 -47 -4( -22 -6 -5 -12 -4 -3 -6 2 -27 -41 -38 -34 -18 -5

REPRESENTATIVE ABOVE NORMAL YEAR

i 1 -5 -10 -5 0 -2 0 0 -13 -33 -4E -26 -6 -4 -8 -4 -1 -1 I 0 -12 -30 -44 -23 -5
2 -5 -10 -5 0 -2 0 0 -5 -13 -2¢ -13 -5 -4 -8 -4 ol -t t 0 -4 -12 -18 -12 o5

5 -6 -11 -6 -2 -3 0 0 -t4 -35 -48 -27 -7 -5 -8 ,$ o2 -3 0 -1 -12 .31 -44 -25 -7

REPRESENTATIVE WET YEAR
OCT NOV ~ JAN FEB MAR APR MAy JUN JUL AUG SEP          ~ NOV I~C JAN FEB MAR APR MAY JUN JUL AUG SEP

I -t7 27 46 13 17 45 5; -28 °53 -62 -22 -2 -B 12 23 6 8 18 26 -18 -33 -39 -t7 -2
2 9 43 5t 13 t7 46 5; 0 -22 -3; -g -2 8 19 25 7 8 18 26 0 -13 -20 -8 -2

i 3 6 14 29 2 21 47 5d 0 -35 -35 -I1 -2 3 $ |4 1 I0 19 o 25 0 -22 -23 -8 -2
4 10 44 51 14 17 42 5~ 0 -21 -31 -9 ol S 19 25 7 8 17 26 3 -13 -20 -7 -1
5 -20 30 48 I1 17 45 5; -28 -55 -6~ -22 -4 -8 13 23 B 8 18 26 -tB °34 -40 -17 -3
6 7 45 51 12 17 45 5~I 0 -25 -3; .10 -3 3 20 25 6 8 18 26 0 -15 -21 .8 -3

8 9 46 50 12 17 41 -I -1 -23 -32 -11 -4 4 20 25 8 $ 16 25 -I -18 -20 -8 -4

I DESCRIPTION OF ALTERNATIVES:

1 Northern Intake, Birder Configuration A
2 Northern Intake, Barrier Configuration B

i
3 Enlarged Forabay with North Victoda Intake, Bardar Conllguration B
4 Enlarged Forebay with Highway 4 In(ake, Ban’ier Conflg~ation B

S Northern Intake. Barrier Configuration A, CVP fie-in to Forabay Note; Outlined vlJuea in,care that barriers are operating
$ Northern Intake. Battle< Configura~on B. CVP tie-in to Forebay
7 Enlarged Forabay with North Victoda Intake. Barrier Configuraffon B, CVP tie-in to Fotabay Note: Negative values indicate that salinity increases over the

i
8 Enlarged Forebay with Hi~hway 4 Intake, Barnar Configuration B. CVP tie4n to Forebay No-Action Alternative

i 361
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) ~,-,, ~ ~VE~ #~ PHASE II MODELING

"" IMPROVEMENT IN MONTHLY AVERAGE SALINITY
~ ~ ...... ~ IN THE SOUTH DELTA

IMPROVEME~ IN TOTAL DISSOLVED ~LIDS pP~ IMPROVEMENT IN PERCENT

1 ~ 0 0 0 -49 -3 0 1 -9 -21 -26 1 ~ 0 0 0
2 0 0 0 0 -53 -2 0 2 -8 -21 -26 0 0 0 0 0 -12 -1 0 1 -2 -5 -6 0
3 0 0 0 0 .54 -2 0 2 -8 -21 -26 -1 0 0 0 0 -12 -1 0 1 -2 -S -6 0
4 0 0 0 0 -53 -2 0 2 -8 -21 -26 -1 0 0 0 0 -12 -I 0 1 -2 -5 -6 0

6 0 0 0 0 -53 -2 0 2 -8 -21 -26 -1 0 0 0 0 -12 -1 0 1 -2
7 0 0 0 0 -54 -2 0 2 -8 -21 -26 -1 0 0 0 0 -12 -1 0 1 -2 -5 -6 0
8 ~ 0 0 0 -53 -2 0 2 -8 -21 -26 -1 0 0 0 0 -12 -1 0 1 -2 -5 -6 0

R~RESE~ATIVE D~ Y~R

I !~ 0 0 0 0 0 0 -2 -3 -13 -27 1 0 0 0 0 0 0 0 -1 -1 -3 -6 0
2 I 0 0 0 0 0 0 0 0 -3 -t3 -27 0 0 0 0 0 0 0 0 0 -1 -3 -6 0
3 ~ 0 0 0 0 0 0 0 -~ -3 -13 -27 0 0~ 0 0 0 0 0 0 0 -1 -3 -6 0
4 0 0 0 0 0 0 0 -1 -3 -13 -27 0 0~ 0 0 0 0 0 0 0 -1 -3 -6 0
5 0 0 0 0 0 0 0 -2 -3 -13 -27 1 01 0 0 0 0 0 0 -1 -I -3 -6 0

7 0 0 0 0 0 0~ 0 -1 -3 -13 -27 0 0 0 0 0 0 0 0 0 -1 -3 -6 0
8 ~ 0 0 0 0 0 0 -t -3 -13 -27 0 0 0 0 0 0 0 0 0 -1 -3

~RESE~ATWE BELOW ~RMAL Y~R
ALT ~ ~V ~ JAN ~ ~R APR ~Y JUN JUL A~ SEP ~ NOV ~ JAN

1 0 0 0 0 0 1 0 1 -5 -11 -6 0 0 0 0 0 0 1 0 0 -1 -3 -2 0
2 0 0 0 0 0 1 0 t -4 -11 -6 0 0 0 0 O 0 1 0 0 -1 -3 -t O
3 0 0 0 0 0 O 0 t -4 -11 -6 0 0 0 0 0 0 0 O 0 -1 -3 -2 0
4 0 0 0 0 0 t 0 I -4 -11 -6 0 0 0 0 0 0 I 0 0 -1 -3 -1 0
5 0 0 0 0 0 0 0 1 -5 -11 -6 0 0 0 0 0 0 0 0 0 -1 -3 -2 0
6 0 0 0 0 0 0 0 t -4 -11 -6 0 0 0 0 0 0 0 0 1 -1 -3 -2 0

8         0     0      0     0      0     0      0      1     -4 -11    -7     0             0     0      0     0      0     0     0     0    -1     -3    -2     0
REPR~TATWE ABOVE ~RM~L Y~R

ALT ~ NOV ~ JAN ~ ~R A~ ~Y JUN JUL A~ SEP ~ ~V ~ JAN
I 0 0 0 0 0 0 0 -183 -209 -16 -34 -I 0 0 0 0 0 0 0 -50 -61 -4 -8 0
2 0 0 0 0 0 0 0 -181 -209 -17 -33 -I 0 0 0 0 0 0 0 -49 -61 -4 -8 0
3 0 0 0 0 0 0 0 -181 -209 -17 -34 0 0 0 0 0 0 0 0 -49 -61 -4 -8 0
4 0 0 0 0 0 0 0 -181 -209 -17 -32 -I 0 0 0 0 0 0 0 -49 -61 -4 -7 0
5 0 0 0 0 0 0 0 -182 -209 -15 -34 -I 0 0 0 0 0 0 0 -49 .61 -4 -8 0
6 0 0 0 0 0 0 0 -~80 -209 -17 -34 -I 0 0 0 0 0 0 0 -49 -6t -4 -8 0
7 0 0 0 0 0 0 0 -182 -209 -17 -36 0 0 0 0 0 0 0 0 -49 -61 -4 -8 0
8 0 0 0 0 0 0 0 -181 -209 -17 -35 0 0 0 0 0 0 0 0 -49 -61 -4 -8 0

R~RESENTATIVE W~ Y~R

l 0 12 -16 0 0 0 0 2 0 0 ,6 0 0 3 -4 0 0 0 0 I 0 0 -2 0
2 0 12 -16 0 0 0 0 I 0 0 -7 0 0 3 -4 0 0 0 0 1 0 0 -2 0

5 O 6 -39 0 0 0 0 2 0 0 -8 0 0 t -9 0 0 0 0 1 0 0 -2 0
6 0 6 -41 0 0 0 0 1 0 0 -9 0 0 I -10 0 0 0 0 I 0 0 -2 0
7 0 -7 -182 0 0 0 0 1 0 0 -13 0 0 -I -43 0 0 0 0 1 0 0 -3 0
8 0 0 -90 0 0 0 0 1 0 0 -10 0 0 0 -21 0 0 0 0 1 0 0 -3 0

4 Ent=r~d Fotebay with Highway 4 I~ake, 8ani~ C~fig~ation B

~ No~rn Intake, B=rder C~flgurati~ A. CVP ~e*in to Fo~ebly Note: ~ined v=~= in~te that barriers are ~erating
$ No~rn In~ke, ~d~ ~nfl~ra~on B, CVP ~e-in to For~ay

I Enl=r~d Forebay w~h Hi.way 4 I~ake, Batder C~g~a~ B. CVP ~e~n to For~ay No-Action Alternative

362
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IMPROVEMENT IN MONTHLY AVERAGE SALINITY
IN THE SOUTH DELTA

IMPROVEME~ IN TOTAL DISSOLVED ~LIDS (PP~ IMPROVEMENT IN PERCENT

~PRESE~ATIVECR~ICAL Y~R

0 0 0 0 -52 -6 2 1 -15 -69 -103 -2 0 0 0 0 -13 -2 1 0 -4 -17 -26 -1
1 0 0 0 -77 -3 0 2 -10 -67 -105 0 0 0 0 0 -20 -I 0 1 -2 -17 -27 0
1 0 0 0 -82 -2 0 2 -10 -67 ,105 0 0 0 0 0 -21 -1 0 1 -2 -17 -27 0
1 0 0 0 -78 -3 0 2 -9 -67 -105 -t 0, 0 0 0 -20 -1 0 1 -2 -17 -27 0
0 0 0 0 -57 -6 2 1 -15 -6~ -103 -2 ~            0 0 0 0 -14 -2 1 0 -4 -17 -26 -1
1 0 0 0 -7~ -3 0 2 -10 -67 ,I05 -1 ~     0 0 0 0 -20 -1 0 ~ -2 -17 -27 0

~ 0 0 -1 -80 -3 0 2 -10 -66 -105 0 ~                            00 0 0 -20 .t 0 i -2 -17 -27 0

5 0 0 0 -2 6 3 -10 -20 -72 -116 -7 2 0 0 0 -1 2 1 -2 -5 -17 -29 -2
5 0 0 0 -3 6 4 -tO -2t -72 -116 -8 2 0 0 0 -1 2 1 -2 -5 -17 -29 -2
5 0 0 0 -2 5 3 -t0 -20 -72 -116 -8 2 0 0 0 -1 2 1 -2 -5 -17 -29 -2
3 0 0 0 -1 5 5 -15 -23 -73 -114 -10 I 0 0 0 -1 1 2 -4 -5 -~8 -2g -2
5 0 0 0 -2 6 4 -10 -20 .72 -~15 -8 2 0 0 0 -1 2 I -2 -5 -t7 -2g -2

~ 0 0 0 -3 6 4 -10 -20 -72 -116 -7 2~ 0 0 0 -t 2 I -2 -5 -17 -29 -2

0 0 0 0 0 2 5 0 -20 -48 -52 0 0 0 0 0 0 1 1 0 -5 -12~ -13 0
0 0 0 0 0 2 3 1 -17 -47 -53 0 0 0 0 0 0 1 1 0 -4 -12 -13 0
1 0 0 0 0 -£ 3 1 -17 -47 -53 0 I 0 0 0 0 -1 1 0 -4 -12 -13 0
0 0 0 0 0 4 3 1 -16 -47 -51 0 0 0 0 0 0 1 I 0 -4 -12 -13 0
0 0 0 0 0 -3 5 0 -20 -48 -53 0 0 0 0 0 0 -1 I 0 -5 -12 -13 0
0 0 0 0 0 -~ 3 1 -17 -47 -54 0 0 0 0 0 0 -I 1 0 -4 -12 -13 0
3 0 0 0 0 -I~ 3 1 -18 -47 -55 0 1 0 0 0 0 -4 1 0 -4 -12 ,14 0
1 0 0 0 0 -~ 3 1 -17 -47 -54 0 1 0 0 0 0 -2 1 0 -4 -12~ -t3 0

~PR~ENTATIVE ABOVE ~RMAL Y~R

0 0 0 0 0 0 0 -233 -305 -t28 -124 -6 0 0 0 0 0 0 0 -76 -t22 -40 -37 -2
0 0 0 0 0 0 0 -213 -308 -136 -126 -6 0 0 0 0 0 0 0 -70 -123 -43 -38 -2
0 0 0 0 0 0 0 -216 -307 -~36 -126 -4 0 0 0 0 0 0 0 -71 -~22 -43 -38 -1
0 0 0 0 0 0 0 -211 -308 -137 -122 -5 0 0 0 0 0 0 0 -70 -~23 ~431 -36
0 0 0 0 0 0 0 -233 -305 -128 -12g -5 0 0 0 0 0 0 0 -77 -122 -401 -3~ -1
0 0 0 0 0 0 0 -210 -308 -137 -130 -5 0 0 0 0 0 0 0 -6g -123 -43~ -3~ - 1
1 0 0 -1 0 0 0 -223 -306 -134 -136 -1 0 0 0 0 0 0 0 -73 -122 -42; -41
0 0 0 -1 0 0 0 -213 -308 -136 -132 -4 0 0 0 0 0 0 0 -70 -123 -43 ,39 -1

0 ~2 -12 0 0 0 0 0 0 0 -18 0 0 3 -4 0 O 0 0 0 0 O= -5 0
0 t3 -12 0 0 0 0 1 0 0 -18 0 0 3 -4 0 0 0 0 0 0 0~ -5 0
0 - 1 -83 0 0 0 0 1 0 0 -20 0 0 0 -24 0 0 0 0 0 0 0~ -6 0
0 15 -8 0 0 0 0 1 0 0 -12 0 0 3 -3 0 0 0 0 4 0 0 -4 0
0 7 -31 0 0 0 0 0 0 0 -27 0 0 2 -9 0 0 0 0 0 0 0 -8 0
0 7 -31 0 0 0 0 1 0 0 -27 0 0 2 -9 0 0 0 0 0 0 0 -8 0
0 -21 -183 1 0 0 0 1 0 0 -44 1 0 -5 -53 0 0 0 0 0 0 0 -12 0
0 0 -62 0 0 0 0 1 0 0 -32 0 0 0 -~8 0 0 0 0 0 0 0 -g 0

DE~RI~ION OF ALT~NATNES:

No~ern In~ke. ~rrl~ C~figurltion B
Enlarged F~ebay with No~ Vi~oda Intake. ~rf~er Configuration B
Entered Fo~bay wi~ Hig~ay 4 Intake. Ba~i~ C~fig~ation B

No~rn In~ke. B~ri~ ~n~a~on B. CVP ~e-tn to For~ay

Enlar~d Foreb~y with Hi~y 4 I~ake, ~rder C~9~a~ B. CVP =e4n to For~ay No-A~ion Alternative
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VE~CE

I~LAHO EM~RE KING

TRACT 18LAHO

TRACT                    MANDEVILLE

I~NOGE

T~T

~LD RIVER NEAR RIVER
S F RAILROAD

S F RAILROAD

TRACT MIDDLE RIVER @ ~
~ ~R @

WOODWARD CANAL              ~FRENCH CAMP SI

M~LE
~B~

OLD RIVE~ @ DDLE RIVER
~OODWARD CANAL VICTORIA CANAL

BYR~

HWY 4

OLD R @ NORTH RIVER
END OF WEST CANAL VICTORIA CANA~ HOWARD ROAD

ROB~

~ -- ~ AT TRACY ROADF~r OLD R ~ SOU~ ~ LA~ROP
~ND OF WEST CANA~

OLD RIVER @
FABI~ TRA~ MIDDLE RIVER

ST~TOLD RIVER @
OLD R @ PARADISE CUT T~T

TRA~Y RD

I
FIGURE C-17

PHASE II MODELING ¯
LOCATIONS WHERE SALINITY IMPROVEMENTS PRESENTED
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I
FIGURE C-18

IMPROVEMENT IN MONTHLY AVERAGE SALINITY IN TDS
ENLARGED FOREBAY-NORTH VICTORIA INTAKE ALTERNATIVE

REPRESENTATIVE DRY YEAR

200 OLD RIUER NEAR ’SANTA FE RAILROAD ^ 200 UICTORIA CANAL

100 (n 100F-

-200 ~ -2oo

O N D d g M A M d d A S O N D d      F M A M d d      A S

200 OLD RIUER AT WOODWARD CANAL ^ 200 MIDDLE RIUER AT SANTA FE RAILROAD

v

d O N O d F M A M d d A S0 N D d F M A M d A S

200 OLD RIUER AT HIGHWAY4 200 - MIDDLERIUER AT WOODWARD CANAL

100 t-
~ 100 ~

-Ioo N-ioo I-

0 N D d F M A M d d A S 0 N D d F M A M d d A S

200 OLD RIUER AT NORTH END OF WEST CANAL ~ 200 MIDDLE RIUER AT UICTORIA CANAL

O N D ~] F M A M d d A S O N D d F M A M d d A

Note: During some months, salinity improvement does not occur at isolated loctions. It is anticipated that the
new facilities will ailow for the operational flexibility to provide for improvement in salintiy in these months and
locations.
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I
FIGURE C-18 (cont.)

I
IMPROVEMENT IN MONTHLY AVERAGE SALINITY IN TDS

ENLARGED FOREBAY-NORTH VICTORIA INTAKE ALTERNATIVE
REPRESENTATIVE DRY YEAR

200 OLD RIUER AT SOUTH, END OF WEST CANAL - ^ 300 6RANT LINE CANAL AT TRACV ROAD

~00o
~~~~ z~z~ 200100

0 N D ~ F M      A      M      ~d A S 0 N D      d      F M      A      Md d A S

~ 400 O~ RIU~ AT TR~C9 RORD ~400 MIDDLE RZUER RT HO~RRD ROhD

~ aO0 ~200

~oo o

~ o ~                                             ~ o
I l l I I     I l    I I I I I I I I     l    I , ,l I     I l     i ~ I

0 N D d F M A M d d A S 0 N D     d     F H A      M ~ d A S

I300 OLD RIUER AT PARADISE CUT ~ BOO SAN ~OAQUIN RI~R ~R LATHROP

200 m 200

100 ~ 100

I I I I I I I     I I I I I I I I I     I I     I     I I, , I     I I I

I0 N O d F M A M d d A S 0 N O d F M A M d d A S

800 OLD RIUER AT MIDDLE RIUER ~ BOO SAN dOAOUIN RIUER AT FR~CH CAMP 8LOUSH

0 N D d F M A M d d A S 0 N D d F M A M d d A S

Note: D~ing some monks, saliNty improvement d~ not ~c~ at isolated l~dons. It is ~dcipat~ ~at ~e

Inew facilities will Nlow for ~e operafionN flexibility to provide for improvement in salintiy
locations.
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~

TABLE C-20

! ,
?,,~ PHASE II MODELING

"=’ ~~"~ ~ ~ MAXIMUM UPSTREAM AND DOWNSTREAM

I ...... MIDDLE RIVER
~ r~,o, JUST DOWNSTREAM OF WOODWARD CANAL

I
MAXIMUM DOWNSTREAM VELOCITY (FEET PER SECOND) MAXIMUM UPSTREAM VELOCITY (FEET PER

REPRESENTATIVE CRITICAL YEAR
ALT OCT NOV ~ JAN FEB MAR APR MAy JUN JUL AUG SEP OCT NOV ~ JAN FEB MAR APR MAY ,,JUN JUL AUG SEP
qA 0.6 0,6
I O.g O.g 1.0 O,g O.g 0.8 0,8 O.g 0.8 0.8 0.9 1,9 1.7 1.5
2 0.9 0.9 1.0 0.S 0.9 0.8 0.9 0.9 0.7 0.8 0.8 1.9 1.7 1.4 1.3 1.3

0.9 0,6 0.8 3,3 3.1 2.5 2.6 2,5 1.8 2.2 2.33 0.8 0.9 0.7 0.7 0,7 0.8 0.8 0.7 3,3 3.1 2,8
4 0.8

7 0,9 0.g 1.0 0,7 0.8 0.8 0.8 0.8 0,8 0.8 0.8 3.9 3.7 3.6 3.6 3.4 3,3 3.1 3.1 3.0 3.1 3.2

REPRESENTATIVE DRY YEAR

qA 0.6 0.7 0.5 0.6 0.6 0.7 0.8 0.8 0.8 0.8 0.8 1.4 1.3 1.4 t,4 1.4 1,3 1.3 1.3 1.3 1.3 1.3
1 0.8 0.g 0,6 0.g 0.8 0.7 0.g 0,g 0~8 0.~ 0.8 2,0 1,6 2.0 1.6 I.g 1.7 1.4 1.4 t.4 1.4 1.3
2 O.fi O.g 0.8 0.8 0.7 0.8 o.g 0,9 0,8 0,8 2.0 1.4 1.3 1.3

3.3 2,6 2,2 2.0 2,23 0,7 O.g 0.8 0.7 0.5 0.7 0.6 0.8 0.7 0,7 O.B 3,3 3,2 3,2 3.2 3,2 2.6
4 0.7 0.8 0.7 0,8 0.6 0.6 0.7 0.7 0.7 0,7 0.? I,fi t.7 1.8 t.6 1.7 1.7 1.4 1,5 1,4 1,4 1.4

7 0.8 0.g 0.8 0.7 0.6 0.7 0.8 0,8 0.6 0.6 0.6 3,9 3.8 3.9 3.6 3.6 3.7 3.1 3.2 3.2 3.1 3.1

REPRESENTATWE BELOW NORMAL YEAR

NA 0.S 0.fi 0.S 0.7 0.5 0.8 0.7 0.8 0.8 0.6 1.4 1,4 1.4 1.4

3 0,8 0.8 0.8 0.9 0.9 0.8 0.7 O.fi O.S 2.7 2.83.3 3,2 2.8 2.40.7 0.g 0,9 3,3 3.3 3.3 3.2 3.1 2.5
4 0.7 0.8 0.7 0.9 O.g 0.8 0.6 0.7 0.7 0.7 o.g 0.9 1.8 1.8 1.8 1.6 1.6 1.7 1.6 1.4 1.4

7 0.g 0.g 0.g 1.0 1.0 0,g 0.7 0.8 0,8 0.7 1.0 1,0 3,g 3.8 3.g 3.6 3.8 3,7 3.6 3.1 3,1 3.4 3.3 3.4

REPRESENTATIVE ABOVE NORMAL YEAR
ALT       OCT NOV DEC JAN    FF.B MAR APR MAy JUN JUL AUG SEP           OCT NOV DEC JAN FF-B MAR APR MAY ,JUN , JUL AUG SEP

3 0.7 O.fi 0.9 O,g 0.9 0.9 0,9 0.8 0.6 0.7 O,g O.fi 3.3 3.3 3.3 3.1 3.1 3.0 3.2 2.7 2.7 2,~ 2.5 3.3
4 0.7 0.8 0.8 0.g 0.0 0,8 0.8 0.7 0,7 0.7 0.6 0.8 1.8 1.8 1.7 1.6 1.6 1.6 1.7 1,6 1.5 1.5 1,5 1.7

I 7 0.8 O.g O.g 1.0 1.0 1.0 O.g 0.8 0.8 0.8 1,0 O.g 3.9 3.9 3.7 3.6 3.6 3,6 3.2 3.2 3.4 3.83.33.7

REPRESENTATIVE WET YEAR

3 1.0 O,g 0.8 0.8 0.8 1.0 1.0 0.8 O.g 0,8 O,g 0,9 2,3 3.1 3,2 3.2 3,2 3,0 2,g 2.5 1.5 2,~ 2.4 3,0

7 1.0 o,g O.g 0.9 0.9 1.0 1.1 0.8 O.g 0 9 1.0 1.0 2.S 3.5 3.7 3.g 3.9 3,8 3.6 3.1 2.1 2.7 3.3 3.6

I 8 1,0 0.g 0.9 0.8 0.8 1.0

OESCRIPTION OF ALTERNATIVES
NA No-Action
I Northern Intake.Barrier Configuration A 6 Northern Intake, BarrierConfigurefio~ A. CVP tie-in tO Forebay

3 Enlarged Fo~ebay wdh North Victoria Intake, Barrier Configuration B 7 Enlarged F~ebay wi~North Victoda Intake. B~rierConfiguration B. CVP fie,into F~ebay
~, Ent~rged Fotabay with Highway 4 Intake, Barri~ Co~figutafion ~ $ Entarged Forebay with H~ghway 4 intake, Barrier Cord~gura~on E. CVP tie.in to Fore~oay

36"/

C--041 61 0
C-041610



I
TABLE C-20 (cont.)

PHASE II MODELING

MAXIMUM UPSTREAM AND DOWNSTREAM
VELOCITIES

IN THE SOUTH DELTA
I

MIDDLE RIVER JUST UPSTREAM OF
WOODWARD CANAL

i

MAXIMUM DOWNSTREAM VELOCITY (FEETPER SECOND) M.~XIMUM UPSTREAM VELOCITY (FEET PER SECOND)
i

REPRESENTATWE CRITICAL YF.~R
ALT              OCT      NOV       ~      JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       SEP                      ~      NOV       CEC      JAN       FE~      MAR      APR      MAy       JUN       JUL      AUG       SEP

0.9 1.6 1,5 1.5 t.50,8 1.9 1.8 1,6 1,6 1.61 0.8 O.g 0.7 0.8 0.7 0.8 0.8 0.7 0.7 1.5 1.6
2 0,8 0.g O.g 0.7 0,7 0.7 0,8 0,7 0.6 0.6 0.7 1,9 1.8 1.6 1.5 t,5 1,5 1,5 1,5 1,3 1.4 1.5
3 1.3 O,g O.C~ 0.8 0.8 0.8 0,8 0.8 0,7 0.7 0,7 1.3 1.3 1.3 1.2 1.1 1,1 1,1 1,2 !,2 t.2 1.1
4 0.7 0.8 0.8 0.6 0.6 0.6 0.7 0,7 0,6 0.7 0.7 1,3 1.3 1,3 1.2 1,1 1,1 1.1 t.t 1.2 1.1 1,1
5 O.g 1,0 1.0 O.g O,g 0.8 0.8 0.8 0.8 O.g 0.9 2.0 1.9 t,8 1,7 1.7 1.7 1.6 t.6 !.6 !.6 1,6
6 O,g 1.0 1,0 0.8 O,g 0.9 O,g O.g O.g O.g 0.9 2,0 1.9 1.8 1.7 1.6 1,6 1.6 t.6 t,6 1.6 1,6
7 1,6 t.S 1.3 t.4 1.3 1,2 1.0 0.g 0.8 1.0 1.1 1.1 1,I 1.1 1.0 1,0 1.0 t,0 t,t 1,1 t.O 1.0 i8 0.8 o.g o.g 0,7 0.7 0,7 0.7 0,7 0,7 0.7 0.7 1.3 t.2 1.1 1.2 1,1 1.1 1.1 1.1 1.1 1,1 1.1

REPRESENTATIVE DRY YEAR
ALT OCT NOV [T~C JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP
qA 0.6 0.7 0.5 0.5 0.5 0.7 0.8 0.8 0.7 0.8 1.4

1.5

!

0.7 2.0 1.6 1.6 1.9 1.7 1.5 1.5 1.5 1.41 0.7 o.g 0.8 0.7 0.7 0.6 0.8 0.8 0.7 0.7 2.0
1.42 0.7 0.g 0.8 0.7 0.6 0.7 0.8 0.7 0.6 0.6 0.6 2.0 1.6 1.5 1.8 t.62.0 1.5 1.5 15 1.4

3 1.4 O.g 1.3 0.8 1.2 0.8 0.8 0.8 0.7 0.7 0.7 1.3 1.3 t.1 t.2 1.2 1.1 1.1 1.2 1.21.3
0.7 1.3 1.3 1.3 1,1 1.1 1.1 1.2 1.14 0.7 0.8 0.7 0.6 0.5 0.6 0.7 0.7 0.7 0.7 1.2 1.2 1.2

5 0.8 1.0 0.8 0.g 0.8 0.8 0.8 0.8 0.8 0.g 0.9 2.1 1.8 1.8 2.0 1~g t.6 1.6 1.6 1.8 1.62.0
o.g 2.1 1.8 1.6 1.66 0.8 1.0 0.8 0.8 0.7 0.8 0.g 0.g 0.g O.g . 2.0 1.7 I.g L7 1.6 1.6 1.6

7 1.6 1.4 1.6 1.5 1.7 1.5 1.0 1.0 1.0 0.9 1.0 1.2 1.1 t.1 1.0 t.0 1.0 1.0 1.0 1.1 1.0 1.0
8 0.8 0.g 0.8 0.7 0.6 0.7 0.7 0.7 0.7 0.7 0.7 1.3 1.2 1.3 1.2 1.2 1.2 1.1 1.1 1.1 1.1 1.1

REPRESENTATIVE BELOW fORMAL YEAR
ALT OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP

t 0.8 0.8 0.8 0.g 0.9 0.8 0.6 0.8 0.8 0.7 0.g 0.9 1.g l.g 2.0 1.6 1.6 1.7 1.7 1.5 1.6 1.6 1.5 1.5
2 08 0.8 0.8 o.g o.g 0.8 0.7 0.8 0.7 0.7 0.g 0.g t.g 1.9 2.0 1.6 1.6 1.7 1.5 1.4 t.5 1.6 1.5 1.5
3 1.1 1.0 1.2 0.9 o.g 0.9 0.8 0.9 0.8 0.7 0.g 0.g 1.3 1.3 1.3 1.2 1.3 1.3 1.1 1.1 t.1 1.2 1.3 1.3
4 0.7 0.7 0.7 0.8 0.8 0.8 0.6 0.7 0.7 0.6 0.8 0.8 1.3 1.3 1.3 1.2 1.2 1.3 1.1 1.1 1.1 1.2 1.3 1.3
5 O.g O.g O.g 1.0 1.0 1.0 0.8 0.8 0.8 0.8 1.0 1.0 2.0 2.0 2.0 1.8 1.8 1.g 1.g 1.6 1.6 1.7 1.6 1.7
6 0.9 0.g 0.g 1.0 1.0 1.0 0.8 0.g 0.9 0.9 1.0 1.0 2.0 2.0 2.0 1.8 1.8 1.g 1.7 1.6 1.6 1.7 1.6 1.7
7 1.5 1.5 1.6 1.4 1.3 1.4 t.5 1.0 0.g 1.2 1.0 1.2 1.2 1.2 1.2 1.1 1.1 1.2 1.0 1.0 1.0 1.1 1.2 1.1
8 0.8 0.8 0.8 o.g 0.g 0.8 0.7 0.7 0.7 0.7 0.g 0.9 1.3 1.3 1.3 1.2 1.t 1.2 1.1 1.1 1.1 12 1.2 1.1

REPRESENTATIVE ABOVE fORMAL YEAR
ALT OCT NOV CEC JAN FEB MAR APR MAy JUN JUL AUG SEP OCT NOV DEC JAN ~ MAR APR MAY JUN JUL AUG SEP

I 0.7 0.8 0.g 0.g 1.0 0.g 0.9 0.7 0.7 0.7 0.g 0.8 2.0 2.0 1.8 1.6 1.5 1.5 17 !.5 1.6 1.6 t.5 1.8
2 0.7 0.8 O.g 0.9 t.0 0.9 0.9 0.7 0.7 0.7 0.9 0.8 2.0 2.0 1.8 1.6 1.5 1.5 17 1.5 t.5 1.5 1.5 1.8
3 1.4 1.3 0.g 0.g 1.0 1.0 o.g 0.8 0.8 0.7 0.g 0.g 1.3 1.3 t.3 1.3 1.2 1.3 1.3 1.1 1.2 1.2 1.3 1.3
4 07 0.7 0.8 0.8 0.g 0.8 0.8 0.7 0.7 0.6 0.8 0.7 1.3 1.3 1.3 1.3 t.2 1.3 1.3 It 1.2 1.2 1.3 1.3
5 0.8 0.g 1.0 1.0 1.1 1.0 1.0 0.8 08 0.8 1.0 1.0 2.1 2.0 1.g 1.8 1.7 1.8 1.8 1.7 1.7 1.7 1.6 1.g
6 0.8 o.g t.0 1.0 1.1 1.0 1.0 0.g 0.9 0.9 1.0 1.0 2.1 2.0 1.g 1.8 1.7 1.8 1.8 1.6 1.6 1.6 1.6 1.9
7 1.6 1.6 1.5 1.3 1.5 1.3 1.4 1.0 1.0 I.t 1.0 1.5 1.2 1.t 1.1 1.1 1.0 t.2 1.1 1.t 1.1 1.1 1.2 1.2
8 0.8 0.8 0.g 0.g 1.0 O.g 0.g 0.7 0.7 O.g 0.8 1.3 1.3 t.2 1.1 1.1 1.2 1.2 1.1 1.1 1.1 1.1 1.2

REPRESENTATIVE WET YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG ~ OCT NOV ITcC JAN FEB MAR APR MAy JUN JUL ,UG SEP

, ,.t o., 0.80.89, t.o ,.I o., o., 0.8o., o.g 1.31.8,.7 2.02.o1.~’."l 1.5t.~ 1.51t.~2 1.t o.go.~o.~o., t.o 1.1o.~o.go.~0.9o.g ,.3 t.6 ,.7 2.0~.o ,.~ 1.61t., ,.o I..~tt.s3 t.o o.0o., t.~ 1.E1.7t.~ 0.9o., o., o., o., 1.=1.3t., ,~3t.~ I.o t.oI 1.o1.oI.oI~.~
4 1.0 0.8 0.8 0.7 0.7 0.9 1.0 0.7 0.8 0.7 0.8 0.8 1.1 1.3 1.3 13 1.3 I.?. 1.oj 1.0 O.g 1.0J 1.3 1.3
5 1.1 1.0 1.0 o.g 0.g 1.1 1.2 0.g 0.g o.g 1.0 1.0 1.3 1.7 1.8 2.0 2.0 t.g t.71 1.6 1.4 1.St !.6 1.7
6 1.1 1.0 1.0 0.9 O.g 1.1 1.2 1.0 0.g 0.9 1.0 1.0 1.3 1.7 ~ 8 2.0 2.0 1.9 1.7[ 1.5 1.3 1.5[ 1.6 1.7
7 1.l 1.2 1.3 1.7 !.7 1.8 1.8 1.1 1.0 0.g 1.0 1.3 1.1 1.2 1.2 t.1 1.1 0.g 0.St 0.9 0g 09j 1.2 1.1
8 1.0 o.g 0.8 0.8 o,g 1.0 0 8 0.8 0.8 0.9 O.g 1,1 1,1 1,2 1.3 1.3 t.2 1,0J 1~1 ._~ .~. l_j.~ 1.2 1,1

DESCRi~I"ION OF ALTERNATIVE~
NA No-Action

1 Northern intake. B,~trier C,~n~buration A $ Northern ~ntake. B,trrier Cc~figur~=do~ A. CVP tie-ln to Fotebay
2 Northern intake. Barrier Conhguration B ~ Northern Intake. Barrier Configuration 8. CVP tie.in to Fore~ay
3 Enlarged Forebay with North Victoria Intaku, ~a;d~ Co~f=guraben B 7 Enlarged Fc~’ebay with Noah Victods Intake. Barrier C~nfig=~ration B. CVP tie-in to Fo~’ebay
4 Enlarged Forebay with Highway 4 intake. Barrier C~. !i~jur~tion B 8 Enlarged Forebay with Highway 4 Intake. Barder Configuration B. CVP tie-in tO Forebay

Note: * Indic=tes t~at flow is not in ~is direction. Note: Outttned values indicate ~’,at barrier= ate opiating

!
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/

.... ~ ~: ~ ~ PHASE II MODELING

I
~~ ...... J *°’=’*’" ~):

MAXIMUM U PSTREAMvELOCITIEsAND DOWNSTREAM

~ _...~’/ ................. /~ ..... ~., IN THE SOUTH DELTA

WOODWARD CANAL

!
MAXIMUM DOWNSTREAM VELOCITY (FEET pER SECOND)                                          MAXIMUM UPSTREAM VELOCKy (FEET PER SECOND)

I REPRESENTATIVE CRITICAL YEAR
ALT OCT NOV CEC JAN ~ MAR APR M~y JUN JUL AUG SEP OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP

0.2 0.1 0.1 0.1 0.1 0~1 0.1 0.l 0.1 0.10.2 0.2 0.2 0.2 0,2 0,2 0.2 0.1~A 0.2 0.3 0.2
0.20.2 0.2 0,2 0.2 0,2 0.2 0.2 0.2 0.2 0.2 0.21 0.2 0,2 0.2 0.2 0.2 0.2 0.2 0.2 0,2 0,2
0.20.2 0,2 0.2 0.2 0.2 0.22 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0,2 0.2 0,2 0.2 0.2 0,2

0.53 0.4 0.4 0,4 0.5 0.5 0.5 0,5 0.5 0.5 0,5 t.g I~9 1.7 1.8 1.5 1.3 1.4 1.3 0.7 1.1 1.2
4 1.3 1.2 1.1 1.1 1.0 0.8 0.8 0.8 0.6 0.7 0,2 0,2 0.~ 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.2

0,2 0.2 0.2 0.25 0.3 0,3 0.2 0.3 0.2 0.2 0,2 0.2 0,2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
0.2 0.3 0,2 0,3 0,2 0 2 0,2 0.2 0~2 0,2 0.2 0.2 0.2 0.2 0,2 0,2 0.2 0.2 0.26 0.3 0.3 02

0.4 2.5 2.4 2.4 2.3 2.2 2,0 t ,g 1.9 2.0 2,17 0.4 0,3 0.4 0,4 0.4 0.4 0.4 0.4 0,4 0.4 2.6
8                1.5    1.4    1.3    t.3    1.3    1.2    ltl    1.1    t.t    t.2    1.2                  0.3    0,2    0.2    0.2    0.2    0.2    0.2    02    0 2    0.2    0.2

REPRESENTATIVE DRY YEAR

0,3 0.3 0.2 0.1 O.l 0.1 0.1 0.1 0.1 0,1 O.t 0.1 0.1 O.ik~ 0.2 0.2 0,2 0.2 0.2 0,2 0.2 0.2
0.2 0,2 0.2 0.2! 0.2 0.2 0.2 0.2 0.2 0.2 0.2t 0.2 0.2 0,2 0,2 0.3 0.2 0.2 0,2 0.2 0.2 0,2
0,2 0.2 0,2 O,2 0.2 0.2 0.2 0.2 0.2 0,2 0.2 0.20.2 0.2 03 0.2 0.2 0.2 0.2 0.22 0.2 0,2
0.5 1.9 t.9 ~ 1.9 t.9 1.4 1.1 1.0 1.10.4 0.5 0.5 0.5 0,5 0,5 0.S 0.53 0.4 0.4 1 .S 1.4

4 1.3 1,1 1.3 1,2 1,3 1,2 0.g 0.9 0.7 0.7    0,7 0.2 0,2 0.2 0,2 0.1 0.2 0.2 0,2 0. t 0,1 0,1
0.2 0.2 0.2 0.2 0.2 0.2 0,2 0.2 0.2 0.2 0.25 0.3 0.2 0.3 0.3 0.3 0,3 0,2 0,2 0.2 0.2 0.2

0.3 0.2 0.2 0.2 0.2 0.2 0,2 0.2 0,2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.26 0.3 0.2 0.3 0.3 0.3
0.4 0.4 0.4 0,4 0.4 0.4 0.4 0.4 2.7 2.4 2.6 2.50.4 2.6 2.5 2.0 2.0 2.0 2.0 2.07 0.4 0.3

8 1,5 1,3 1.4 1.5 1.4 1.2 1.2 1.2 1.1 1.2 0.3 0.2 0.3 0.2 03 0.2 0.2 02 0.2 0.2 0.2
REpRESEWrATIVE BELOW NORMAL YEAR

ALT              OCT      NOV       ~      JAN       WEB      MAR      APR      MAy       JUN        JUL      AUG       SEP                      OCT      NOV       DEC      JAN       FTcB      MAR      APR      MAY       JUN       JUL      AUG       SEP
0.2 0,2 0,2 0.2 0.2 0.2 0.1 0,t 0.1 0.1

0.2

0.1NA 0.2 0.2 0.3 0.2 0.3 0.2 0,1
0.2 0.2 0.2 0.2 0.2 0.2 0.21 0.2 0,2 0.2 0.2 0.2 0,2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0,2 0.2 0.2 0.2

0.2 0.2 0.20.2 0.2 0.2 0.22 0.2 0,2 0.2 0.2 0.2 0.2 0,2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0,2 0.2
3 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0,5 0,5 0,5 0.4 1,9 1.9 1.9 t.9 1,8 1.9 1 .g 1.4 1.4 1.4 1.2 1.4
4 1.3 1.3 1.3 1.1 1.1 1.1 1.1 0.8 0.8 0.9 0,8 0.9 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.2

0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.20.2 0.35 0.3 0.3 0.3 0,3 0.2 0.2 0.2

I 6 0.3 0.3 0.3 0.3 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0,20.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
0.4 0.4 2.6 2.6 2.6 2.4 2.4 2.47 0.4 0.4 0.4 0~3 0,3 0.4 0,4 0.4 0.4 0.4 2,5 2.0 2.0 2.2 2.0 2.2

8 1.4 1.4 1.5 1.3 1.3 1.4 1.4 1.1 1.2 1.3 1.2 1.3 0,3 0.2 0.3 0,2 0.2 0.2 0.~ 0.2 0.2 0.2 0.2
REPRESENTATIVE ABOVE NORMAL YEAR

ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV [T¢C JAN FF.B MAR APR MAY JUN JUL AUG SEP

1 0.2 0,2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0,2 0,2 0.2 0.21 0.2 0.20.2 0.20.2
2 0,2 0,2 0,2 0.2 0.2 0,2 0.2 0.2 0,2 0.2 0,2 02 0.2 0.2 0,2 0,2 0.2 0.2 0.2 0.2 0.2 0.2 0,2 0.2
3 0.4 0.4 0.4 0.4 0.4 0,4 0.4 0.5 0,5 0.5 0,5 0.5 1.9 1.9 1.9 1.7 1.8 1.7 1 ,gl 1.4 1.5 1,31 1.2 1,9
4 1.3 1,3 1.2 1.1 1.1 1.0 1.1 0.9 O.g 0.8 0,8 1.2 0,2 0.2 0~2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0,2
5 0.3 0.3 0.3 0.2 0.3 0,3 0.2 0,2 0.2 0.2 0.2 0.3 0.2 0.2 0,2 0.2 0.2 0.2 0,2 0.2 0.2 0.2 0.2 0.2

0,2 0.2 02 0.2 0.3 0.2 0.2 0~2 0.2 0,26 0.3 0.3 0.3 0,2 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0,2 0.2

I 7 0.4 0.4 0,3 0.3 0,3 0.3 0.4 0,4 0.4 0.4 2.7 2.6 2,5 2.4 2.5 2.4 2,4 2,0 2.1 2.2 2.1 2.50.3 0,4
8 1.5 1,5 1,4 t.3 1.4 1.3 1.4 1.2 1.2 1.2 1.2 1.4 0.3 0.3 0,2 0.2 0.2 0,2 0.2 0,2 , 0.2 0.2 0,2

REPRESENTATIVE WET YEAR
ALT OCT NOV DEC JAN FF-B MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN WEB MAR APR MAY JUN JUL AUG SEP

0.2 0,2 0.2 0.2 0,1 0, t 0. t 0.1 0,1 0.1 0.1
1 0,2 0,2 0.2 0,2 0.2 0,3 0.2 0.2 0.2 0.2 0,2 0.2 0.20,2 0.2 0.2 0.2 0,2 0.2 0,2 0,2 0.2 0.2 0.2I 2 02 0.2 0.2 0 2 0,2 0,3 0,2 0.2 0,2 0,2 0,2 0,2 0.2 0.20,2 02 0.2 0.2 0.2 0,2 0.2 0,2 0.2 0.2
3 0.4 0.4 0.4 0.4 0.4 0.3 0.3 0.5 05 05 0.5 0.5 1.2 1.8 1,9 1.9 1,9 1.9 t,~l 1,5 0,7 1.2 1.2 1.6
4 0.7 1.1 1,1 1,3 1.3 1.3 1.2 09 0 S 0,7 0.8 1,0 0,2 02 0,2 0.2 0.2 0,2 0,2 0.2 0.2 0.2 0.2 0,2
5 0.2 0.2 0.2 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0,2 0,2 0,2 0.20.3 0.2 0.2 0.2 0.2 0,2 0.2 0.2 0.2 0,2
6 0.2 0.2 0.2 0.3 0.3 0.3 0.2 0,2 0,2 0.2 0.2 0.2 0.20.3 0.3 0.2 0.2 0.2 0.2 0,2 0.2 0.2 0.2 0.2
7 0,4 0,4 0.4 0.3 0,3 0,3 0.4 0.4 0.40.2 0.4 0.4 1.4 2.3 2.4 2.7 2,7    2.7 2.6 2,1 1.2 1.7 2.1 2.3i 8         08    t.3    1.3    1,5    1,5    1.5    1.4    1.2    0.7    10    1.2    1.3           0,2    0,2    0.2    0.3    03    0,3    0,3    0.2 , (~.2    0,2    0.2    0.2

DESCRIPTION OF ALTERNATIVES
NA No-Action

i 1 Northern Intake,Barrier Configura~on A $ Northern Intake. Barrier Configuration A, CVP t~e-in to Forebay
2 Northern intake, Barrier Configuration B $ Northern IntBke, Barrier Configuration B, CVP tie.in to Foreb,ty
3 Enlarged Fo~ebay with North Victoria Intake, Barrier Configuration B 7 Enlarged Fotebay with North Victoria Intake, Barrier Configuralion B, CVP tie-in to Focebay
4 Enlarged Forebay with Highway 4 intake. BatTier Configuration B I Enlarged Forebay with Highway 4 Intake, Barrier Conl~guta~Jon B, CVP ~e4n tO Forabay

Note; ¯ Inc~cates Mat flow is not in ~tia direction. Note: Outlined values indicate Mat barriers are op~’atlng
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~-~ .... TABLE C-20 (cont.)

¯ ~~
PHASE II MODELING

~*=" ~ ’ "~ ~ MAXIMUM UPSTREAM AND DOWNSTREAM
~ "~ .,o..~.,=

/ ,~,:. ~.~. VELOCITIES
~ _.~J~ ......... ~_ "~’" ~ IN THE SOUTH DELTA

MIDDLE RIVER
UPSTREAM OF VICTORIA CANAL

MAXIMUM DOWNSTREAM VELOCITY (FEET PER SECOND) MA~XIMUM UPSTREAM VELOCiTy (FEET PER SECOND)

REPRESENTATIVE CRITICAL YEAR
ALT OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP ~ NOV ~EC JAN FF_B MAR APR MAy JUN JUL AU~.~ SEP
;A 0,6 0,6 0.6 0.6 0.6 0.6 0.5 0.5 0.5 0.6 0,6 0.6 0.6

0,7 0.6 0.6 0,6 0,7 0,6 0.6 0.60.6 0,1 0.1 0,1 0.1 0.11 0.6 0,6 0,1 0,1 0.1 0~7 0.7 0.6
0.50.7 0,6 0.6 0.6 0.6 0.60.6 0,7 0.7 0.6 0,62 0.6 0.6 0.1 0.1 0,1 0.1 0.1 0.1 0.1 0,1
0.50.7 0,6 0.6 0.5 0.6 0,6 0,6 0,53 0.9 0.9 0,8 0,1 0,1 0.1 0.1 0.1 0.0 0.t 0,1 0,7 0,7

0,5 0.1 0.1 0.I 0.1 0,1 0,04 0.6 0,5 0.1 0,1 0,7 0.7 0,7 0,6 0,6 0.5 0.6 0,6 0.6 0.6 0.5
0,60,7 0,6 0,6 0,6 0.7 0.7 0,7 0.65 0.8 0.9 0.8 0.1 0.1 0.1 0.1 0.t 0.1 0.1 0.1 0.7 0.7

0.8 0,1 0.1 0,I 0,1 0.1 0,7 0,7 0.7 0,6 0,6 0.6 0.6 0.6 0.6 0.6 0.66 0.8 0.9 0.1 0.1 0.1
7 1.1 1.1 1.0 0.1 0.1 0.I 0.1 0.1 0.1 0.1 0.1                  0.7 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
8 0.8 0,7 0.7 0.1 0.1 0.1 0.1 0,1 0.1 0,1 0.1 0.7 0.7 0.7 0.6 0.6 0.6 0,6 0.6 0,6 0.6 0.6

REPRESENTATWE DRY YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV CEC JAN FFJ] MAR APR MAY JUN JUL AUG SEP

1 0.6 0.6 0.6 0,1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0,6
2 0.6 0.6 0.6 0.1 0,1 0,1 0,1 0,1 0.1 0.1 0,1 0,7 0,7 0,6 0.6 0.6 0.6 0,6 0,6 0,6 0.6 0.6]
3 0.9 0.9 0.9 0.1 0.1 0,1 0,1 0.1 0.1 0.1 0.1 0.7 0.7 0,6 0.5 0,6 0.6 0.6 0,6 0,6 0.6 0,5
4 0.5 0.5 0,6 0.1 0,1 0,1 0,1 0.1 0.1 0.1 0,1 0.6 0.7 0.6    0,60.5 0,6 0,6 0,6 0.6 0.6 0,6 0.5
5 0.8 0.9 0.8 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.7 0.7 0.6 0.6 0.7 0.6 0.6 0.6 0.6 0.6 0.6
6 0.8 0.g 0.8 0.1 0,1 0.1 0.1 0.1 0.1 0.1 . 0.~. 0.7 0.7 0,6 0.6 0.6 0,6 0.6 0,6 0,6 0.6 0.6~
7 1,1 1,1 1.1 0.1 0.1 0.1 0,1 0.1 0.1 0,1 0,1 0.7 0,7 0.6 0.6 0,6 0.6 0.6 0.6 0.6 0.6 0.6
8 0.8 0.7 0.8 0, I 0.1 0.1 0.1 0.1 C.t 0.1 O.t 0,6 0.7 0.6 0.6 0,6.___~0.6 0.6 0.6 0.6 0.6

REPRESENTATIVE BELOW NORMAL YEAR
ALT OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN ~ MAR APR ~e~y JUN JUL AUG SEP
NA 0.6 0.6 0.6 0.6 0.60.5 0.6

0.6 0.1 0,! 0.1 0.1 0,5 0.6 0.7 0.7 0.7 0.7 0.6 0,6 0.61 0.6 0.6 0.6 0.6 0.6 0.7 0.7 0.6 0.7 0.7
2 0.6 0.6 0.6 0.6 0.6 0.6 0.1 0.1 0.1 0.1 0.5 0.6 0.7 0.7 0.7 0.7 0.7 0.7 0.6 0.6 0.6 0.6 0.7 0.7
3 0.9 0.9 0.9 09 0.9 0.9 0,1 0.1 0.1 0.1 0.6 0.6 0.7 0.7 0.7 0.7 O.7 0.7 0.6 0.6 0.6 0.6 0.7 0.7
4 05 0.5 0.5 0.6 0.6 0.5 0.1 0.1 0.1 0.1 0.5 0.6 0.7 0.7 0.7 0°7 0.7 0.7 0.6 0.6 0.6 0.6 0.7 0.7

0.8 0.1 0.1 0.1 0.1 0,8 0.6 0.7 0,6 0,6 0.6 0.7 0.7 0,75 0.8 0.8 0.8 0.9 0.9 0.7 0.7 0.7 0.7 0.7
0.8 0~8 0.8 0.9 0.9 0.8 0.1 0.1 0.1 0.1 0.8 0.6 0.7 0.7 0.7 0.7 0.7 0.7 0.6 0.6 0.6 0.6 0.7 0.7
1.1 1.1 |.1 1.1 1.1 1.1 0.1 0.1 0.1 0.1 0.9 1.0 0.7 0.7 0.7 0.7 0.7 0.7 0.6 0.6 0.6 0.6 0.7 0.7
0,7 0,7 0.7 0.7 0.7 0.1 0.1 0.1 0,1 0.5 0,fl 0.7 0.7 0,7 0.7 0.7 0.6 0.6 0.6 0.7 0,7

REPRESENTATIVE ABOVE NORMAL YEAR
ALT OCT NOV ~ JAN FEB M&R APR MAy JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

t 0,6 0.6 0,6 0,6 0.7 0.7 0.6 0.1 0.1 0.1 0.6 0.6 0.7 0,7 0.7 0.7 0.7 0.7 0.7 0.6 0,6 0.6 0.7 0.7
2 0,6 0.6 0,6 0,6 0.7 0,7 0,6 0,1 0.1 0,1 0.6 0,6 0.7 0,7 0.7 0.7 0.7 0.7 0,7 0.6 0.6 0.6 0.7 0,7
3 0.9 0.9 0.9 0.8 0.g 0.8 0.9 0.1 0.1 0.1 0.6 0.g 0.7 0.7 0.7 0.7 0.7 0.70.7 0.6 0.60.6 0.7 0.7
4 0.5 0.6 0.5 0.6 0.6 0.5 0.6 0.1 0.t 0.1 0.5 0.5 0.7 0.7 0.7 0,7 0.7 0.7 0.7 0.6 0.6 0.6 0.7 0.7
5 0.8 0.8 09 0.9 1.0 1.00.9 0.1 0.1 0.1 0.8 0.8 0.7 0.7 0.7 0.7 0.7 0.70.7 0.6 0.6 0.6 0.7 0.7
6 0.8 0.8 0.9 0.9 1.0 1.00.9 0.1 0.1 0.1 08 0.8 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.6 0.6 0.6 0.7 0.7
7 1.1 1.1 t.t 1.1 1.1 1.1 1.1 0.1 0.1 0.1 t.O 1.1 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.6 0.6 0.6 0.7 0.7
6 0.8 0.8 0.7 0.7 0.8 0.7 0.1 0.1 0.1 0,6 0.7 0.6 0.6 0.7 0.7 0.7 0.7 0.7 0.6 0.6 0.6 0.7 0,7

REPRESENTATIVE WET
ALT OCT NOV Eric JAN FEB MAR APR MAY JUN JUL AUG SEP OCT H~,¥ OEC. JAN ~ MAR APR MAY JUN JUL AUG SEP

0.9 0.610.70’61’

0.7 0.7

0.71

0.7 0.7
t 0.5 0.6 0.6 0.6 0.6 0.7 0.7 0.1 0.1 0.7 0.7 ,~.- 07~0, I 0.5 0.6 0,7 0,7 0.7 0.6 0.6 0.6 0.7 0.7
2 0.5 0.6 0.6 0.6 0.6 0.7 0.7 0.1 0.1 O.1 0.5 0.6 0.7 0.7 ~ ~ 0.7 0.7 0.7 ~.7! O.5 0.6 0.~ 0.7 0.7
3 0.6 0.8 0.9 0.9 0.9 0.9 1.0 0.1 0.0 0.1 0.6 0.8 0.7 0.7 0.7 07 0.7 0.7 0.&I 0.5 0.6 0.~ 0.7 0.7
4 0.5 0.5 0,5 0.6 0.6 0.7 0.7 0.1 0.1 0.1 0.5 0.6 0.7 0.7 0.7 t., 6 0.6 0.6 0.6 0.5 0,6 0.6 0.7 0.7
5 0.7 0,8 0.6 0.9 0.9 1.1 1.1 0. t 0.1 0.1 0.8 0.6 0.! 0.7 0.7 0.’: 0.7 0 7 0.? 0,6 0.7 0.7 0.7 0,7
6 0.7 0.8 0.8 0,9 0,g 1,1 1,1 0.1 0.1 0.1 0,8 0,6 0.7 0 7 0.7 0 7 0.7 0.7 0.7 0.6 0,6 0,6 0.7 0,7
7 0.6 1,0 1.1 1.2 1.2 1,2 1,2 0,1 0.1 0.1 0,9 1.0 0 7 0,7 0.7 0.7 0,7 0.7 0,7 0 5 0,6 0.6 0,7 0.7
8 0.5 0,6 0.7 0.8 0,8 0,9 0,1 0.1 0.1 0,5 0,6 ~ ,’ 0.7 0.7 0.6 0,7 0,7 0.6 0.6 0,6 0.7 0.7

DESCRIPTION OF ALTERNATIVES
NA No-Action

1 Northern Intake, Barrier Configuration A $ Northern Intake, Barder Configuration A, CVP tie-in to Forabay
2 Northern Intake, B~rrier Configuration B $ Northern Intake, Barrl~ Configuration B. CVP tia-in to Forabay
3 Enlarged F~abay with North Victoria Intake, B~rrier Configuration B 7 Enlarged Fo~abay with North Victoda Intake. Barrier Configuration B, CVP tie-in to Forebay
4 Enlarged Forebay with Highway 4 Intake, Barrier Configuration B | Enlarged Forabay with Highway 4 Intake. Barder Configuration Be CVP tte,th to Forebay

Note; " In,cares ~at flow is not in this dtectton. Note: OuUined values Indicate ~at barriers are operatln~

370

C--041 61 3
C-041613



!

~~.J .,.~.~,,~,-, ~. ~ TABLE C-20 (cont.)

VELOCITIES

I REPRESENTATIVE CRR’IOAL YEAR
ALT OCT NOV ~ JAN FEB MAR ApR MAy JUN JUL ALI~ SEP ~ NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP
NA 0,3 0.3 0.3 0.3 0,2 0.4 0.3 0.5 0.6 0.6 0.3 0.~ I 0.4 0~4 0.4 0.5 0.5 0.4 0.5 0,4 0,3 0.4 0.5 0~5
I 0,2 0,3 0,3 0.3 0.0 0.2 0.2 0.3 0.3 0.1 0.1 i 0.7 0.1 0.1 0,3 0.7 0.6 0.7 0.6 0.6 0.6 0,7 0,7
~ 0.2 0.3 0.3 0.3 0,1 0.2 0~I 0,3 0,3 0,2 0.t 0.1 1 0,6 0,1 0,1 0,3 0.6 0.6 0,6 0,5 0,6 0,5 0.6 0 6
3 0,4 0.6 0,6 0.51 0.2 0,4 0.4 0.4 0.4 0~2 0,2 0.~ 0,6 0,0 0.0 0, I 0.6 0,5 0.6 0.5 0,4 0,5 0.6 0.6I 4 0.2 0.3 0,3 0.3 0.1 0.2 0,t 0.3 0.3 0,2 0.I 0.; 0,6 0.| 0.1 0.2 0.6 0.5 0.6 0.5 0.4 0.6 0.6 0.6

0.3 0,1 0~2 0.1 0.3 0~3 0~3 0.1 0.11 0~7 0.2 0.3 0.4 0.7 0,7 0.7 0.6 0.6 0.65 02 O,4 O.7 O.7
6 0.2 0.4 0.4 0.~ 0.1 0,2 0.2 0,3 0.3 0~3 0.I 0,21 0.7 0.2 0.3 0.4 0.7 0,6 0.7 0.6 0.5 0.~ 0.7 0.7
7 0.5 0.7 0.6 0.~ 0.3 0.4 0.4 0.4 0.4 0.4 0.3 0.4! 0.6 0,I 0.6 0,5 0.6 0.4 0.4 0.4 0,6 0.6
8 0.~2 0.4 0.4 0.3 0.1 0.2 0.2 0.3, 0.3 0,2 0.1 0.1! 0.6 0.1 0.1 0.2 0.6 0.6 0.6 0,5 0,4 0.5 0.6 0.6,

REPRESENTATIVE DRY YEARI ALT ~ NOV CEC JAN FF.B MAR APR MAY JUN JUL AUG , SEP OCT NOV CEC JAN FE~ MAR APR MAY JUN JUL AUG SEP
NA 0,2 0.3 0,3 0.2 0.2 0.3 0.3 0,4 0,4 0,5 0.4 0,31 0,5 0.5 0.6 0,5 0,5 0.6 0,6 0.6 0.5 0.4 0.4 0,5
1 0.1 0,3 0.3 0,2 0.1 0,1 0.2 0.2 0,2 0.t 0.11 0.7 0.3 0.3 0,3 0.7 0,7 0.7 0,7 0~7 0.6 0,S 0.7
2 0.1 0.3 0.3 0~2 0,1 0.1 0.1 0.2 0.2 0.1 0.1 0.11 0.6 0.3 0.3 0.3 0,7 0.6 0.6 0.6 0.6 0.5 0.6 0.6

4 0,1 0.3 0.3 0,2 0.1 0,1 0.1 0.2 0.2 0,1 0,1 0.2i 0,6 0.2 0,2 0,3 O,6 0.6 0.6 0,6 0.6 0,5 0.6 0.6
5 0.2; 0.3 0.3 0,3 0,1 0.1 O.1 0.1 0. t 0.3 0.1 0~1 0~7 0,4 0.3 0.4 0.7 0,7 0.7 0.7 0.7 0.6 0.7 0.7
6 0.2 0.3 0.3 0,3 0.1 02 0.2 0.2 0.2 0.3 0.1 0.11 0,7 0.4 0,3 0,4 0.7 0,7 0,6 0.6 0.6 0,6 0.6 0.7
7 0.4 0,6 0.6 0.6 0.4 0,4 0.4 0.4 0,3 0.3 0.3 0.3; 0~6 0.0 0,0 0.1 0,6 0,6 0.6 0.5 0,5 0.6 0,5 0.6
8 0.~2 0.3 0.3 0.3 0.1 0.2 0.2 0.2 0.2 0,2 0.2 0.1:--0-6 0.3 0.2 0.3 0,6 0.6 0,6 0.6 0~6 0.5 0.6 0.6

REPRESENTATIVE BELOW NORMAL YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
NA 0,3 0.3 0.3 0,3 0.3 0.3 0.3 0.4 0,4 0.4; 0,4 0,3 0.5 0.5 0.5 0.4 0.4 0.5 0,5 0,4 0.4 0,4 0.5 0.5
I 0.3 0.3 0.3 0.3 03 0.3 0,2 0,2 0.2 0.4 0~3 0.3 0~3 0,2 0.2 0,2 0.3 0.7 0.7 0,6 0,6 0.3 0.2
2 0.3 0.3 0.3 0.3 0,3 0.3 0,1 0,2 0,2 0,2 0.4 0.3 0.3 0.3 0,2, 0~2 0,2 0.3 0,6 0.6 0.6 0.5 0.3 0,2
3 0,5 0.5 0.6 0,6 0.6 0,5 0.4 0.4 0.3 0,3 0.4 0.6 O.l 0,1 0,t 0.1 0.0 0.1 0.5 0.5 0,5 0.5 0.1 0,1
4 0.3 0.3 0.3 0.3 0.3 0,4 0.1 0.3 0,2 0.2 0.4 0,3 0.2 0.2 0.2 0.1 0.1 0.2 0.6 0.6 0.5 0,5 0.t 0.1
5 0.3 0.3 0.4 0.3 0.3 0.3 0.1 0.1 0.3 0.2 0~3 0,3 0.4 0,4 0.3 0.3 0.3 0.4 0.7 0.7 0,7 0.6 0.4 0.3I 6 0,3 0.3 0,4 0.3 0.3 0.3 0~2 0.2 0,3 0.3 0.3 0.3 0.4 0.4 0.3 0.3 0.3 0.4 0.7 0.6 0,6 0.6 0.4 0.3
7 0.6 0.6 0.6 0.6 0.6 0.6 0.4 0.4 0.4 0.4 0.6 0.6 0,0 0.1 0,0 0.0 0,6 0,5 0,S 0.5 0.1 0.0
8 0,3 0.3 0~3 0~3 0.3 0,3 0.2 0.2 0,2 0.3 0.4 0.3 0.3 0.3 0.2 0.1 0.1 0.2 0.6 0.6 0.5 0,5 0,2 0.2

REPRESENTATIVE ABOVE NORMAL YEAR
ALT OCT NOV CEC JAN FEB MAR APR MAy JUN JUL AUG SEP OCT NOV ITcC JAN ~ MAR APR MAY JUN JUL AUG SEP
NA 0.3 0.3 0.3 0.2 0.5 0.3 0.2 0.3 0.4 0.4 0.3 0.3 0.4 0.4 0,4 0,5 0,2 0.6 0.5 0.5 0,4 0~4 0,5 0.6
I 0.3 0,3 0.3 0.3 0.6 0.4 0.3 0.2 0.2 0.2 0.4 0.3 0.2 0.1 0.1 0.3 0.3 0.3 0.7 0.6 0.6 0,3 0,3
2 0.3 0.3 0.3 0.3 0,6 0.4 0.3 0.2 0.2 0.2 0.4 0,3 0.2 0.1 0.1 0,3 0.3 0.3 0.6 0,6 0.6 0,3 0,3
3 0.6 0.6 0,6 0.5 0~7 0.6 0.5 0.3 0.3 0,3 0.3 0.5 0.1 0.0 0,0 0.1 0. t 0,6 0.5 0.5 O.t 0,1
4 0,3 0,3 0,3 0,3 0~6 0.3 0,3 0,1 0,2 0,2 0,3 0.3 0.1 0.1 0,1 0.2 0.2 0,2 0.6 0.5 0,5 0.2 0.2
5 0.4 0,4 0.4 0,3 0~6 0.4 0.3 0.1 0,3 0.2 0.3 0.3 0.3 0.2 0.2 0.4 0.3 0,4 0.7 0.7 0.7 0.4 0,4

i 6 0,4 0.4 0,4 0.3 0,6 0.4 0.3 0.1 0.2 0.2 0.3 0,3 0,3 0.2 0,2 0.4 0.3 0.4 0~6 0.6 0.6’ 0.4 0,4
7 0,6 0.7 0,6 0.6 0.8 0.7 0.6 0.3 0,3 0.4 0.6 0.6 0.0 0,1 0.0 0.6 0.6 0.5 0.1 0.0
8         0.4    0,4    0,4    0.3    0.6    0.3    0.3    O.t    0.2    0.2    0.3    0,3           0.2    0.1    0,1    0.3           0.2    0,2    0,6    0~6    0.5 0.2    0.2

REPRESENTATIVE WET YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAy JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
NA 0.4 0.3 0.2 0.2 0,3 0.7 0.8 0.4 0.6 0.6 0,4 0.3 0.4 0,5 0,5 0.4 0,4 0,3 0,3 0.31 0.5 0.4
1 0,4 0.2 0,2 0,3 0,4 0.7 0.8 0.1 0.4 0.2 0,4 0,3 0,3 0~4 0.4 0,2 0~0 0.7 0,7 0,6i 0.2 0.2
2 0~4 0.2 0.2 0.3 0.4 0.7 0.8 0.2 0.4 0.4 0.4 0.3 0.3 0.4 0,4 0.2 0.0 0.5 0,5 0.5! 0.2 0,2
3 0.5 0.5 0.4 0.6 0.6 0.8 0.9 0.5 0,4 0.5 0.4 0.5 0.1 0.1 0,1 0~0 0.5 0.5 0.4 0.1 0,1
4 0.4 0,3 0.2 0,3 0.4 0.7 0.8 0.3 0.4 0.4 0.4 0.4 0.1 0.3 0.3 0.2 0.0 0.5 0.5 0.5 0,1 0.1
5 0,4 0.3 0.2 0,3 0.4 0,7 0.8 0.1 0~3 0.3 0.4 0.4 0.3 0.4 0.4 0,3 0.1 0.7 0.7 0.6 0.3 0,3
6 0,4 0.3 0,2 0.3 0,4 0,7 0.8 0,2 0.4 0,4 0.4 0,4 0.3 0.4 0.4 0,3 0.1 0.6 0,5 0.6 0,3 0.3

i 7 05 0,5 0.5 0,6 0.7 0,8 0,9 0,5 0,5 0.5 0.6 0,6 0.t 0.1 0.1 0.5 0.5 0,4 0,0 0.0
i 0.4 0.3 0.2 0.3 0.4 0.7 0.8 0.2 0,4 0.3 0,4 0.3 0. t 0,3 0.3 0.2 0.0 0.5 0.5 0~5 0,2 0.1

DESCRIPTION OF ALTERNATIVES
NA No-Ac~on

"~1 1 Northern Intlke. Barrier Configuration A S Northern Intake. Barrier Co~figuratio~ A, CVP tie-in to Forebay
2 Northern Intake, Barrier C~x~figuration B ~ Northern Intake, Barder Configuration B, CVP tie-in to For=bay

Note: " Indcatea ~et flow is not in thi= c~rec~ion.                                Note: Outlined value= indicate that barrier= are operatin<~
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TABLE C-20 (cont.)

~’~ "~ ~ ....... ~t ,;,:;, Lt’..~ VELOCITIES
I

OLD RIVER JUST DOWNSTREAM
OF HIGHWAY 4                   ¯

MAXIMUM DOWNSTREAM VELOCITY (FEET PER SECOND) MAXIMUM UPSTREAM VELOCITY (FEET PER SECOND)

REPRESENTATIVE CRITICAL YEAR
ALT ~ NOV ~ JAN FEB MAR APR M~Y JUN JUL AUG SEP OCT NOV C~C JAN FEB MAR APR MAY JUN JUL AUG SEP
IA 0.7 0.7 0.8 0.9 0,g ,2,1 2.1 1,80.8 t.O t.O 0.g 0.9

0.8 2.4 2.3 2.4 2.4 2.4 2.4 2.4 2.3 1,8 2.1 2.21 0.8 O.g 0.9 0.8 0.8 0.8 0.g 0.9 0.8 0.8
0.7 2.4 2.3 2.3 2.3 2.2 2.2 1,7 2.1 2.10.g 0.7 0.7 0.8 0.6 0.6 2.3 2.42 0.8 0.g 0,7 0.8

t.1 0.6 0.7 0,8 0.8 0.7 0.7 0.7 1.8 1.7 1.8 1.6 1,6 1,6 1.5 1,6 1,7 t,6 1.63 t,0 t.0 0,7
4 0.g t.0 ! .0 0.6 0.7 0.7 0.8 0.8 0,7 0.7 0.7 4,0 3.8 3.6 3.5 3.4 3.1 3.1 3.0 2.5 2.8 2.9
5 1.0 t.1 1.1 1.0 1.0 1.0 t.O t.O 1.0 1.0 1.1 2.7 2,7 2.6 2,7 2.6 2~6 2.6 2.5 2.5 2.5 2.5
6 1.0 1,1 0.g 1.0 1.0 2.7 2.6 2.5 2.5 2.51,1 1.0 1.0 1.0 1.0 1.0 2.7 2.7 2.6 2.6 2,5 2.5
7 1.3 1.3 1,3 1.0 1,0 1.0 1.0 1,0 1,0 1.0 1.0 1.6 1.5 1.5 1.4 1.3 1.3 1,3 1.4 1,4 1.3 1,3
8 1.1 1.2 1.3 1.0 1.0 1.0 1.0 1.0 1.0 1,0 1.0 4.2 4,1 3.9 3.9 3.8 3.7 3,5 3.5 3.5 3.6 3.6

REPRESENTATIVE DRY YEAR
ALT ~ NOV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV [TL’C JAN FEB MAR APR MAy JUN JUL AUG SEP

0.6 0.7 0.8 1.0 1.0 0.9 1.00,7 0,8 0.6 2.3 1.8
2,10.8 2.5 2.3 2.5 2.3 2,4 2.5 2.4 2,4 2.2 2.00.8 0.9 0.81 0.8 0.7 0.6 0,g 0.9 0,8 0.8

0,7 1.8 1.6 1.7 1,6 1,5 1.5 1.7 1.6 1.60.4 0.6 0.6 0.8 0.8 0.7 0.7 1.8 1.83 o,g 1.1 0.6
2.80.7 4.1 3.6 4,14 0.8 1.0 0.8 0.6 0.6 0.6 0.8 0.8 0.7 0.7 3,5 4.0 36 3.1 3.1 2,8 2.7
2.5

!

1.1 2.7 2.7 2.6 2.65 0,8 1.1 0,g 1,0 0,g 0.g 1.0 1,0 1.0 1.0 2.7 2,6 2.7 2,7 2.6 2.5
. 2.50.9 0.8 0,9 2.7 2,6 2.7 2.7 2.7 2.7 2,5 2.56 0,9 1,1 0.g 1.0 1.0 1.0 1.0 1.0 2.5 2,5

~.O t.3 ~,4 1.3 1.41.2 t ,0 O.g 1.0 t .0 1.0 t ,7 1,5 1.6 ’t .4 1.4 1,4 t ,37 t .2 1.3 ~ .0 ~ .0
8 1.1 1.2 1.1 1.0 0.8 1.0 1.0 1.0 1.0 1.0    1.0 4.3 4.0 4.3 4.0 4.3 4.1 3.6 3.6 3.6 3.5 3.6

REPRESENTATWE BELOW NORMAL VF-~R
ALT (~’3T NOV C~C JAN FEB MAR APR MAY JUN JUL AUG sEP OCT NOV ~ JAN FT~B MAR APR MAY JUN JUL AUG SEP

0.9 1.0 1.8 2.0 1.8 1.8
0.g 0.9 0.9 0,g 0,g 2.4 2.4 2.4 2.3 2.3 2.4 2.5 2.3 2.4 2.~=1 0,8 0,8 0.8 0.g o.g 0.7 0.7 i 2.2 2,3

2 0.8 0,8 0.8 0,g 0.g 0,g 0.7 0,8 0.8 0,7 0g 0.9 2.4 2.4 2.4 2,3 2,3 2.4 2.3 2.2 2.2 2.4 2.2 2,3
3 09 t,0 1.0 1.1 1,1 1,0 0,6 0.8 0,8 06 1.0 1.1 1,8 1.8 1,8 I~7 1,7 1,8 1,6 1,5 1.5 1.7 1,8 1.8
4 0.g o,g 0.g 1.0 t,0 0.g 0.6 0,8 0.8 0.6 1,0 1.0 4,1 4,0 4.1 3,5 3.6 3.7 3.5 3.0 3.1 3.3 3.1 3.3
5 1.0 1.0 1,0 1,1 1.1 1.1 0.9 1.0 1.0 0,9 1.1 1.1 2,7 2.7 2.7 2.6 2.6 2,7 2,7 2.6 2,6 2.7 2.5 2.6
6 1.0 1.0 1.0 1.1 1.1 1,1 0.9 1.0 1.0 1.0 1.1 1.1 2,7 2,7 2,7 2.6 2.6 2,7 2.7 2.5 2,5 2.6 2.5 2.6
7 1.2 1.2 1,2 1.3 1.3 1.3 1.0 1.0 1,0 1.0 1.3 1.3 1,6 1.6 1.6 1.5 1.5 1.5 1.3 1.3 1,4 1.4 1.5 1.5
8 1.1 1,1 1.1 1,3 1,3 1.2 1.0 1.0 1,0 1,0 1.3 1.3 4,2 4,2 4,3 4,0 3,8 4,1 4,0 3.5 3,6 3.8 3.7 3.8

REPRESENTATIVE ABOVE NORMAL yEAR
ALT OCT NOV CEC JAN FF-.B MAR APR MAy JUN JUL AUG SEP OCT NOV C~C JAN FE~ MAR APR MAY JUN JUL AUG SEP

1 0,8 0,8 0.9 0.g 1,0 1.0 0.9 0.8 0.8 0.8 0.9 0.8 2.5 2,4 2.3 2.3 2.1 2.2 2.4 2.4 2.4 2.3 2.4
2,30,9 0.8 0,8 2.5 2.4 2.3 2,3 2.1 2.2 2.4 2.3 2.3 2.3 2.42 0,8 0,8 0.g 0.g 1,0 1,0 0.8 0.7

1.0 0.7 0.7 1.0 1.0 1,8 1.8 1.7 1.8 1,8 1.6 1,6 1.7 1.8 1.83 0.9 1.0 1.0 1.1 1,2 1,1 0.6 1.6 1.8
3.1 3,1 3.84 0.8 0.g 1,0 1,0 1,1 t,0 1.0 0.8 0.8 0.7 1.0 0.g 4,1 4.1 3.8 3.6 3.4 3.5 3.6 3.3 3,3

1.1 1.0 2.6 2,6 2.7 2.6 2.7 2.6 2.75 0.9 1.0 1.1 1.1 12 1,1 1,0 0.g 1.1 1.1 2.7 2.7 2,7 2.6 2.6
2.6 2.76 0.g 1,0 1.1 1.1 1.2 1.1 1,1 1.0 1.0 1,0 1.1 1.1 2.7 2.7 2.7 2.6 2.6 2.6 2.7 2.6 2,6 2.6

7 1.2 1.3 1.3 1,3 1.4 1,3 1.3 1.0 1.0 1,0 1.3 1.3 1.6 1.6 1.5 1.5 1.3 1.5 1.5 1,4 1.4 1.4 1.5 1.6 ~jJ
8 1.1 1.1 1.2 1.3 1,4 1.3 12 1.0 10 1.0 t,3 1.2 4.3 4,3 4.1 3.9 4.0 4.0 3.7 3.7 3.8 3.8 4.1 IREPRESENTATIVE WET YEAR

ALT OCT NOV CC-C JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP
NA 1.3 1.0 0,8 0.7 0.8 1.3 0.9 1.6

1 1,2 0.9 0,9 0.8 0,9 1.1 1,2 0,9 1,0 0,g 0,g 0.9 2,0 2.4 2,4 2,5 2,4 2.2 1.9 2.4 1,5 2.2 2,2 2.4
2 1.2 0,9 09 0.8 o.g 1,1 1.2 0,8 1.0 0,8 0.8 0,9 2.0 2.4 2,4 2.5 2.4 2.2 1.g 2.1 1.3 2.0 2.2 2.4

1,4 0,83 1,3 1.1 1.0 1,0 1.0 1.3 1,0 0.g 1,0 1.0 1,6 1,7 1.8 1,7 1,7 1.3 1.2 t.3 1.3 1.4 t.8 1.8
2,7 3.1 3.51,3 0,8 1.0 4,0 3,6 3.4 3.0 2.14 1.3 1.0 o.g 0.9 0.g 1.3 0.g 1.0 1.0 2,8 3.8 3.7 4.0

5 1.2 1.1 1.0 1.0 1,0 1.2 1.3 1.0 1.1 1,0 1.1 I.I 2.1 2,6 2.7 2.7 2.6 2.5 2.5 2,6 2.0 2.4 2.6 2.6
1.3 1.1 1.0 1.0 2,1 2.6 2°7 2.7 2.6 2,5 2.5 2.4 1.9 2.6 2.66 1.2 1.1 1.0 1,0 1.0 1,2 1.1 1.1 2,3

7 1,4 1.3 1,2 1.3 1.3 1,5 1.6 1.1 t,1 1.1 1,3 1,3        1.5 1.5 1,5 1,6 1,5 1.2 1.0 1.2 1.2 !,2 1.5 1.5
8 1.3 1,2 1.2 1.1 1,2 1.4 1.6 1.0 1,1 1 1.3 1.3 2.9 3.9 4.0 4.3 4.3 4.1 3.9 3.5 2.6 3.2 3.7 3.9

DESCRIPTION OF ALTERNATIVES
NA No-Action
I Nollhern Intake, Barrier Configuration A $ Northern Intake, Barrier ConfigurationA, CVP lie.in to Forebay
2 Northern Intake, Barrier Configuration B $ Northern Intake, Barrier’ ConfigurationB, CVP tie.in to Forebay j
3 Enlarged Fo~ebay with North Victoria ;nt==ke. Barrier Configuration B 7 Enlarged Fo~ebay with N~’th Victo~aIntake, B~rier Configuration B, CVP tie.in to F~abay
4 Enlarged Forebay with Highway 4 Intake, Barrie~ Configucation B | Enlarged Forebay with HtgPtway 4 Intake, Barder Configuration B. CVP tie-in to Forebay

Note: " ~n~catee ~al t~ow is not m 1his d~rect~on. Nora: Outtined values indicate ~at barriers are operating
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TABLE C-20 (cont.)
PHASE II MODELING

MAXIMUM UPSTREAM AND DOWNSTREAM
VELOCITIES

IN THE SOUTH DELTA

OLD RIVER JUST UPSTREAM
OF HIGHWAY 4

!
MAXIMUM DOWNSTREAM VELOCR’Y (FEET PER SECOND)                                                                                            MAXIMUM UPSTREAM VELOCITy (FEET PER SECOND~

I REPRESENTATIVE CRITICAL YEAR
ALT OCT NOV ~ JAN FEB M~R APR MAY ,fUN JUL AUG SEP OCT NOV ~ JAN FEB MAR APR MAy JUN JUL AUG SEP

2.01
2.00.g 2,2 1.80,8 1,g 1.9 1.7 1,7 1.7NA 0.7 0,6 0.8 0.8 0.8 0.g 0.g 0.8 o,g 2,1

0.8 2.4 2.4 2,3 1,8 2.1 2,20.g 0.7 0.8 0.7 0.B 0.8 0.7 0.7 2.4 2.41 0.8 0,8 2.3 2.4 2.4
2.10.6 2,4 2.3 2.4 2.4 2.3 2.3 2.3 2,2 1,7 2.12 0,8 0,E 0.9 0.7 0.7 0.6 0.7 0.7 0.5 0,6

2,7 2,7 2,6 2.5 2.5 2.5 2.5 2,6
1,2

NA 0.7 0.‘q 0.6 0.6 0.6 0.8 1.0 1.0 0.~ 0.9 0.9 2,2 2.0 2.2 2.2 2.0 1.7 1.7 1,8 1.7

5 0.~1 t.0 0.9 0~9 0.8 0.8 0.9 0.~ 0,9 1,0 1.0 2.7 2.7 2.7 2.7 2,8 2.8 2.6 2.6 2.6 2.5
2.50,g 2,7 2,7 2.7 2.7 2.7 2,5 2.5 2,6 2.52.7

2,7 2.8 2,6 2.7 2.6 2.6
6 0.9 1.0 0.9 1.1 1.1 1.0 0.9 0.9 0.9 1.0 1,1 2,7 2.7 2.7 2.7 2.7 2.7 2.5 2.5 2.6 2,62.72.70,9

0.7 0.~ 0.7 2,2 2.1 2.(: 1.8 1.8 2.1 1.~ 2.1

4 1.4 1.3 1.1 0.g 1.1 0.g 0,9 0,7 0.7 0.6 O.g 1.0 1.7 1.7 1,7 1,7 1.5 1.7 t,7 1.5 1,5 1.6 1,8 1,7
,5 0.9 0.9 1 0 1.0 1,2 1,1 1,0 0,9 0.9 0.9 1,0 1.0 2.7 2.7 2,7 2.7 2.6 2.7 2,7 2,6 2.6 2,7 2.6 2,7

0.9 2,0 2.4 2.4 2,4 2,4 2,2 1,5

3 Enlarged Fo~ebay with NorthVictoria Intake, Barrier Configuration B 7 Enlarged F~ebay withNo~lh Vicloda Intake, Barrier Configuratio~ B, CVP tie-in to Forebay
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TABLE C-20 (cont.)

I

~ PHASE II MODELING

~’~’ ~ "~ ~k~ MAXIMUM UPSTREAM AND DOWNSTREAM
~ "K~ ....... W/ ,~-~,~, ~-~. VELOCITIES

i(’~ --~V ............... ( "’" ~ IN THE SOUTH DELTA

OLD RIVER JUST DOWNSTREAM
OF NORTH END OF WEST CANAL

MAXIMUM OOWNSTREAM VELOCITY (FEETPER SECOND) M~XlMUM UPSTREAM VELOCITY (FEET PER SECOND) I

REPRESENTATIVE CRITICAL YEAR
ALT              OCT      NOV       C~C      JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       sEP                      OCT      NOV       C~C      JAN       FEB      MAR      APR      MAY       JUN        JUL      AUG       SEP

0.6 1,9 1.9 1.8 t .8 1.7 1.7 1.6 1,6 1.7 1.70.61qA 0.5 0,5 0.5 0.6 0.6 0,7 0.7 0.6 0.6
0.5 2,5 2~6 2.6 2~6 2,5 1.7 2.3 2.40.6 0.5 0.5 0.5 0.5 0.5 0.5 2.6 2.6 2.5t 0.5 0.6 0.4
0,3 2,5 2.6 2,6 2,5 2.5 2,4 2.4 2.4 L6 2.2 2,32 0.5 0.6 0.6 0.3 0,3 0.3 0.4 0.4 0.3 0.3
0,3 t,4 1.4 t.4 t,3 t.3 1,3 1.3 1.3 1~30.7 0.3 0,3 0,3 0,4 0.4 0,3 0.3 1~5 1.43 0.7 0.7
0.3 1.3 1.3 1.4 1.3 1,2 t.2 1.2 1.3 1,2 1.24 1.t 0.8 0,7 0.7 0.6 0.3 0.5 0,4 0.3 0.3 1,2

3.0 3.0 3.0 2~g 2.9 2.g !0.7 3.0 3,0 2,95 0.7 0.8 0.8 0.7 0.7 0.7 0.7 0.7 0~7 0,7 3.0
2.80.6 3.0 3.0 2.9 2.9 2.8 2,8 2.8 2.80.8 0.6 0.6 0.6 0.6 0.6 0,6 3.06 0.7 0.8 0.6 3.0

0.7 1.2 1.1 1.1 1.t 1,2 1,2 1,2 1.t7 1,0 1.0 1,0 0.7 0.7 0.7 0.7 0.6 0.6 0.7 1,3 1.2 1.2
8                1.9    1,8    1.6    1.6    1.5    1,5    1.3    1.2    1,2    1,3    1,4                  1,1    1.1    1.1    1.0    1,0    0,9    1,0    1.0    1,0    1,0    1,0

REPRESENTATIVE DRY YEAR
ALT OCT NOV CC--’C JAN FF.B MAR APR MAY JUN JUL AUG SEP OCT NOV cLr-r-c JAN FEB MAR APR MAy JUN JUL AUG SEP

2.0

i

0.4
0.5 2.6 2.6 2.6 2.6 2.7 2,5 2.5 2,3 2,2 2,20..=t 0.5 0,6 0.5 0.4 0.4 0,5 0,5 0.5 0.5 2.6

2.20..= 0.3 2.6 2,5 2.5 2.6 2,4 2.4 2.2 2,12 0,5 0.6 0.3 0,3 0,3 0.4 0.4 0.3 0.3 2.6 2.6
0,E 0.3 0,3 0.3 0,4 1.5 1.5 1.5 1,4 1.5 1.5 1.3 1,3 1.3 1.3 1.33 0.6 0,7 0.4 03 0.3 0.3

0.3 1.4 1.3 1.4 t.2 1.3 1,3 t.24 1,1 0,7 1.1 0,8 0.9 0.8 0.5 0,5 0.3 0.3 1,3 1,2 1.2 1.3
0.7 3.1 2.9 2.9 2.9 2.95 0,7 0.8 0.7 0.7 0.6 0,6 0.7 0.7 0.7 0,7 3.0 3.0 3.0 3.03,0

6 0.7 0.8 0.7 0.6 0.5 0,6 0,6 0.6 0.6 0.6 0.6 3,0 3,0 3.0 3.0 3.0 3.0 2.8 2,8 2,9 2.8 2,8 1
0.9 0.7 0.7 0.7 0,7 0,7 0.7 0,7 1,4 1,2 1,37 0,9 t.O 0.7 1.1 1.2 1.2 1~2 1.2 1.2 t.2

8                                    1.9         1,7                         1,7         1.9         1.7         1,3         1.3         1.3         1,2                                                       I,!          1.1                         1.0         1,0         1.0         1,0         1.0         1.0         1,0
REPRESENTATIVE BELOW NORMAL YEAR

ALT OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
NA 0.4 0.5 0.4 0.6 0.4 0.6 0.6 0,7 0.7 1,8 1.6 1.61.7

2.7 2.4 2.50.6 0,4 O.5 0,5 0,6 0.6 2,6 2.6 2.6 2.5 25 2.7 2.51 0,5 O,5 O.S 0,6 0,6 2.60 4
2.5 2,4 2.50.6 0.3 0.4 0.4 2.6 2,8 2,6 2.5 2.5 2,5 2.4 2,42 0,5 0,5 0.5 0.6 0.6 0.3 0.6 0.6 2~6

3 0,7 0.7 0.7 0.7 0.7 0.7 0.3 0.5 0.4 0.3 0,7 0.7 1.5 1,5 1.5 1,4 1.4 !.5 1.4 1,2 1.3 1,4 1,4 1.4
4 0.g 0.8 1.0 0.8 0.7 0.6 0.8 0,5 0.5 0.3 0.7 0.7 1.4 1,4 1.4 1.3 1.3 1,4 1.2 1.1 t,2 1.3 1.4 1.4

0.8 0.6 3.0 3.0 3.0 3.0 3.0 3,1 2,9 2.9 3.05 0.7 0.7 0,7 0.8 0,8 0.7 0,7 0.7 0.8 0.8 3.1 29 3.1
6 0.7 0.7 0.7 0.8 0.8 0,8 0.6 0.6 0,6 0.6 0.8 0.8 3~0 3.0 3,0 3.0 3.0 3.1 3,0 2.8 2.8 3.0 2.9 3.0
7 0.9 0.9 0.9 1.0 1.0 1,0 0.7 0,7 0,7

~
1.0 1.0 1.3 1.3 1.3 1.1 1.2 1.3 1.1 1.1 1.2 1.2 1.2 1.2 I8                    1.8         1.8         1.9         1.7         1.7         1,6         1.8         1.3         1.3         1" I        L3         1.5                         1.1          1.1          1,1          1.0         1.1          1,1          1 0         1.0         1.0         1.0         1.1          I.I

REPRESENTATIVE ABOVE NORMAL YEAR
ALT OCT NOV ~ JAN FE~ MAR APR MAY JUN JUL AUG SEP OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP

1 0.5 0.5 0.6 0.6 0.7 0.6 0.6 0.5 0.5 0,6 0.S 2.6 2.5 2.6 2,6 2.4 2.5 2.6 2,6 2.5 2.626 .0.4 2.6
2 0 5 0.5 0.6 0.6 0.7 0.6 0,6 0.4 0.4 0.3 0,6 0,=; 2.6 2.5 2.6 2.6 2.4 2.5 2.6 2.5 2.5 2.5 2.5 2~6
3 0.6 0.7 0.7 0,7 0,9 0.7 0.7 0.4 0.4 0,3 0.7 0.7 1.5 1.4 1.4 1,4 1,3 1,4 1.5 1.3 1.4 1.4 1.4 1.5
4 1.1 1.1 0,8 0,7 0.8 0,7 0.7 0,5 0,5 0,3 0,7 0.7 1.4 1,3 1.3 1,3 1,2 1.4 1,4 1,2 1.2 1,3 1,4 1.4
5 0.7 0,7 0.8 0.8 0.9 0.8 0.8 0.7 0.7 0,8 0,8 3.0 2.9 3.13.0 3.0 3.00.7 30 3.0 3,0 3.0 3.0 3.1
6 017 0.7 0.8 0.8 0.9 2.9 2.9 3.13.0 2.90.8 0.6 0.6 0.6 0.8 0.8 3.0 3.0 3.0 3.0 3.0 3.1
7 O.g 1.0 1.0 1.0 1.1 1.0 1.0 0.7 0.6 0.7 1.0 1.0 1.4 1.3 1.2 1,2 1,0 1.2 1,2 1,2 1,2 1.2 1,2 1.3
8 1,9 1.9 1.8 1.6 1,9 1.7 1.3 t.3 1.4 1,3 1,7 1,1 1.1 1,1 1~1 0,9 1.1 1.1 1.0 1.1 IO 1.1 1.1 1

REPRESENTATIVE WET YF-AR
ALT              OCT      NOV       Cr=C      JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       SEP                      OCT      NOV       DEC      JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       SEP

1 0.8 0.6 0.6 0,5 0.6 0.8 0,9 0.5 0.7 0.6 0.6 0,6 2.2 2.6 2,6 2.5 2.5 2.1 2,1 2.5 1.5 2.3 2.4 2.6
2 0,8 0,6 0.6 0.5 0.6 0.8 0,g 0.4 0.5 0,5 0.6 0.6 2.2 2.6 2,6 2,5 2.5 2.1 2,1 2.3 1.3 2.42.1 2.6
3 1.0 0.7 0,7 0.7 0.7 1.0 1,0 0.5 0.6 0.5 0.7 0.7 1.1 1.5 1,5 1.4 1.4 1.0 0.9 1,1 0,g 1.1 1,4 1.5
4 1~0 0,7 0.6 1.2 1,3 1,5 1,4 0.7 0.6 0.5 0.? 0.7 1,1 1.3 1.4 1,3 1.3 0.9 0.9 1.0 0.9 1.0 1,4 1.4
5 0.9 0.8 0.8 0.7 0.8 1.0 t.0 0.7 0,8 0.7 0,8 0.8 2,4 3,0 3,1 3.0 3.0 2.9 2.9 2.9 2.2 2,8 2.9 3.0
6 0,9 0.8 0,8 0.7 0.8 1.0 1.0 0,6 0,6 0,6 0.8 0.8 2.4 3,0 3.1 3,0 3.0 2.9 2.9 2.7 2.1 2.6 2,9 3.0
7 1,0 1.0 0.9 1,0 1,0 1.2 1.3 0,7 0,7 0.7 1.0 1.0 1.1 1.2 1.3 1,3 1.2 0.9 0,7 1.0 0.9 1.0 1.2 1,2
8 1.0 1.5 1.6 2,0 2.0 2.2 2,1 1.5 07 1.1 1.3 1.6 1.1 1,1 1.1 1.1 1.0 0.7 0,6 0.8 0.9 O. 1.1 1.1

DESCRIPTION OF ALTERNATIVES
NA No-Action

1 Northern Intake. Barrier Configuration A $ Northern Intake, Barrier Configuration A, CVP tie-in to Forebay
2 Northern Intake, Barrier Configuration B $ Nollhern Intake. Barrio" Configuration B. CVP tie-in to Forsbey
3 Enlarged Fofebay with North Victoria Intake, Barrier Configuration B 7 Enlarged Fo~ebay with North Victoda Intake. Barrier Configuration B, CVP tie.in to Fm’ebey I
4 Enlarged Forebay with Highway 4 Intake. Ban’iar Configuration B $ Enlarged Forebay with HigP~ay 4 Intake, Barder Configuration B. CVP 1~e-in to ForsOay

Note: " In~c~tes that ftow is not in this dlrection~ Note: Outlined values indicate that barriers are opiating
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!
PHASE II MODELING

MAXIMUM UPSTREAM AND DOWNSTREAM

_ = .... OLD RIVER JUST UPSTREAM

i
~,~~,~ ~~~ra=

OF NORTH END OF WEST CANAL

i MAXIMUM DOWNSTRF.~M VELOCITY (FEET PER S~COND)                                         MAXIMUM UPSTRF..~M VELOCITY (FEET PER SECOND)

REPRESENTATIVE CRITICAL YEAR
ALT OCT NOV ~ JAN ~ MAR APR MAY JUN JUL AUG SEP ~ NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP
NA

i~
0.7 0,7 0.7 0.8 0.7 0.7 0.7 0,7 0.7 0,7 0,8 0.3 0.3 0,3 0.3 0.3 0,3 0,3 0.3 0.3 0.2 0.2 0,2I 1 2.1 2.1 2.1 2.1 2,1 2.1 2.1 2.1 2.1 1.2 1.9 2,(~ 0.~’ 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

3 i 0.2 0,2 0.2 0,2 0.2 0.3 0.3 0,3 0.3 0.4 0.4 0.4 1,7 1,5 1.5 1,4 1.6 1,3 1,1 1,2 1.0 0,2 0.6 0,8
4 j 2.5 2.5 2.3 2,0 2.0 1,7 1,5 1.5 1,4 0,8 1.2 1,4 0,~ 0,2 0.2 0,2 0.3 0.3 0.3 0.3 0,3 0,3 0.3 0,3
5 2.8 2.9 2,9 2.9 2.9 2,8 2.8 2.7 2.7 2,7 2,7 2.8 : 0,2 0.3 0,3 0.3 0.3 0,3 0.3 0.3 0,3 0,3 0.3 0,3
6 2.8 2.9 2.9 2.9 2.9 2.8 2.8 2.7 2.6 2.6 2.7 2,7 0,3 0.3 0.3 0.3 0,3 0.3 0,3 0,3 0,3 0.3 0,3 0.3i

8         2,~8    2,8    2.6    2.5    2.5    2.4    2.3    2.!    2,0    2.0    2,1    2~2           0.5    0,5    0,4    0.4    0.4    0,4    0,4    0.4    0.4    0.4    0,4    04!
REPRESENTATIVE DRY YEAR

ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
NA 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.7 0,8 0,7 0.6 0.7 0,3 03 0.3 0.3 0.3 0.3 0.2 0.3 0.3 0.2 0.3 0.2l

3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0,3 0.3 0.4 0,4 0.4 1,5 1,5 1.5 1,5 1.7 1.7 1.7 1.2 1.2 0.6 0.4 0.61
4 1,g 2.5 2.1 2.5 2.2 2.5 2.2 1,6 1.6 1.2 1.1 1,2 0.3 0.3 0.2 0.3 0.3 0.2 0,3 0,3 0.3 0,3 0,3 0.3!
5 2,9 2.g 2.9 2.8 2.9 2,9 2.g 2.7 2.8 2,7 2.7 2.7 0,3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0,3 0.3 0,3 03=
6 2.8 2.9 2.g 2,8 2.9 2.9 2.9 2.7 2.7 2.7 2,;~ 2.7 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0,3 0.3 0.3 0.3!

i $ 2.__.~52,8 2,5 2.8 2.6 2,8 2.6 2,1 2.1 2.1 2.1 2.1 0j4 0.7 0.4 0.6 0.4 05 0.4 0.4 04 0.4 0.4 04
REPRESENTATIVE BELOW NORMAL YEAR

ALT OCT NOV I:£:C JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV IT=C JAN FEB MAR APR MAY JUN JUL AUG BEP
NA 0.7 0.7 0.7 0.7 0.7 0.BJ 0,7 0,7 0.7 0.8 0.8 0.7 0,3 0.3 0.3 0,3 0,3 0,3 0.3 0.3 0.3 0.2J 0,3 0.3

3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0,3 0.4 03 1.5 1.5 1.5 1.5 1.4 1,5 1,6 1,2 1.2 1.; 0.6 1.1
4 2,5 2.5 2.5 2.1 2.0 2.11 2,2 1,5 1.5 1.7 t,3 1.6 0.2 0.2 0,2 0.2 0,2 02 0,3 0,3 0.3 0,; 0.2 0.2¯ 5 2.9 2.9 2.9 2.9 2.9 2.9 2,9 2.7 2,7 29 2.7 2.8 0.3 0.3 0,3 0.3 0.3 0.3 0.3 0,3 0.3 0.: 0.3 0,3
6 2.g 2.g 2.9 2,0 2.9 2.9 2.9 2.7 2,7 2,8 2.7 2.8 0.3 0.3 0.3 0.3 0,3 0.3 0.3 0.3 0.3 0,~ 0,3 0.3

8 2.8 2.7 2,8 2.5 2.5 2.6 2.6 2.1 2.1 2,4 2.2 2.3 0,5 0.5 0,5 0,4 0,4 0,4 0,4 0.4 0,4 04 0.4 0.4I REPRESENTATIVE ABOVE NORMAL YEAR
ALT OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP ~ NOV [~EC JAN FEB MAR APR MAY JUN JUL AUG SEP
NA 0.7 0.7 0.7 0.7 0.7 0,8 0.7 0,8 0.8 0,8 0.8 0.7 0.3 0.3 0.3 0.3 0,4 0,3 0.3 0,3 0.3 0,3 0.2 0.3
1 2.1 2,1 2,1 2. t 2.0 2,0 2.1 2.1 2.1 2.1 2.1 2.1 0.1 0.2 0.2 0,1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1
2 2.1 2,1 2.1 2.1 2.0 2.0 2.1 2.0 2.0 2.1 2,1 2,1 0,1 0.2 0,2 0.1 0.2 0~1 01 0.1 0,1 0.¢ 0.1 0,1
3 0.2 0,2 02 0.2 0,1 0,2 0,2 0,3 0,3 0.4 0.4 0.2 1.5 1.5 1,5 1,4 1.5 1,3 1,5 1.3 1,3 1.C 0.6 1.5i 4 2,5 2.5 2.3 1.9 2,0 1.8 2.1 1,6 1.6 1.5 1.3 2.3 0.3 0.3 0.2 0.2 0,3 0.2 0,2 0.3 0.3 0.2 0.2 02
5 2,8 2,8 2,9 2.9 3,0 3.0 2.9 2,8 2.8 2.8 2.8 2,9 0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.3 0,3 0,." 0,3 0.3
6 2.8 2.8 2,g 2.9 3.0 3.0 2.9 2.8 2.8 2.8 2.8 2,9 0,3 0.3 0.3 0.3 0.4 0,3 0.3 0.3 0.3 0.:’ 0.3 0.3

8         2.8    2.8    2.6    2.5    2.5    2.5    2.6    2.2    2.2    2,3    2.2    2,6           0.7    0.6    0.4    0.4    0.5    0.5    0,4    0.4    0,4    04! 0~4    0~4
REPRESENTATIVE WET YEARI ALT OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV Pr~ JAN FEB MAR APR MAY JUN JUL AUG SEP

NA 0.7 0,7 0~8 0.7 0,7 0.7 0.7 07 0.7 0.7 0,8 0,7 0.4 0.3 0.3 0.3 0.4 0.5 .0.5 0.4 0.5 0,4i 0.3 0.3
1 1.9 2,1 2,1 2.0 2.0 1.8 1,8 2.1 1.0 2.0 2.0 2.1 0,3 0.2 0,1 0.2 0,2 0.3 0.3 0,1 0,2 0.2 0.1 0.1
2 1,9 2.1 2,1 2.0 2.0 1.8 1.8 2.0 o.g I.g 2.0 2,1 0.3 0,2 0.1 0.2 0.2 0.3 0.3 0.2 0.2 0.2 0.1 0.1
3 0.3 0.2 0.2 02 0.2 0.0 0.1 0.2 0,2 0.2 0,4 0.2 0,9 1.4 1.4 1,5 1,5 1.5 1,5 1.3 0,4 O,g 0.7 1.3

j 4 1,3 2.0 2,1 2.5 2.5 2.3 2.2 1.6 0,7 1.3 1.3 1.8 0.4 0,2 0.2 0.3 0.3 0.5 0,5 0,3 0.4 0.4 0,2 0.2
5 2,2 2.9 2.9 2,9 2,9 2.9 2,9 2.8 l.g 2.5 2.8 2,9 0.3 0,3 0.3 0,3 0.4 0,4 0.5 0.3 0.3 0.3 0.3 0.3
6 2.2 2.9 2.9 2.9 2.9 2.9 2.g 2.7 1,g 2.4 2.8 2.9 0~3 0.3 0.3 0,3 0,4 0.4 0,5 0.3 0.3 0.3    0.50.3 0.3

8 1,5 2.4 2,6 2.8 2,8 2.7 2,5 2.1 1.2 1.8 2.2 2,4 0,4 0.4 0.4 0.6 0,6 05 0,5 0.5 0.5 0.4 0.4

DE~RIPTION OF ALTERNATIVES
HA No-Ac~on

1 Northern Intake. Barrier Configuration A $ Northern Intake, Birder Co~flguratio~ A. CVP tie-in to Focebay
2 Northern Intake, Bard~ Configuration B $ No, them Intake, B~ri~ Configuration B. CVP tie.in to Fore/oay
3 Enlarged Forebay with North Victoria Intake. Barrier Configuration B 7 Enlarged Fotebay with Noah Victoria Intake, Barrier Configuration B, CVP tie.in to Fotabay

i 4 Enlarged Forebay with Highway 4 Irdaka. Barri~ Co~lfig~ation B I Enlarged Fotebay with Highway 4 I~take, Barder Cow,figuration1 B, CVP tie-in to Forebay

Note: * Indicates ~at flow is not in ~la direction. Note: Outlined values Indicate that barrier~ are op~a~ng
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MAXIMUM UPSTREAM AND DOWNSTREAM
VELOCITIES

IN THE SOUTH DELTA

NORTH END OF WEST CANAL

MAXIMUM DOWNSTREAM VELOCITY (FEET PER SECOND) MAXIMUM UPSTREAM VELOQTY (FEET PER SECOND)
J

REPRESENTATIVE CRITICAL YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ~ NOV DEC JAN FEB MAR APR MAy JUN JUL AUG SEP
qA 0.6 0.5 0.8; 0.6 0.6 0.6 0.g 0.8 0.6 0.7 0.7 3.3 3.3 3.1 3.2 3.1 3.1 2.9 3.0 3.2 3.1 J

2,02.10.9I 1.2 1.1 0,7 0.7 0.6 0.8 0.g 0.7 0.7 0.7 2.0 2.0 2.1 2.0 2.3 2.1 2.1 2.3 2.1
2~I 2.0 1,g 1.80.g 0.3 0.2 0.5 0.4 2.0 2.0 t.g 1.8 2.0 2.02 1,2 1.1 0,2 0,2 0~2 0.2
2.0 1,9 1.9 1.8 t.7 1.8 2.0 1.g 1.90.g 0.2 0.3 0.2 0.23 0.8 0,9 0,2 0,5 0.4 0.2 2,0 2.0
2.0 1,9 t.g 1 .g 1.7 1.8 2.0 1,9 1.90.8 0.2 0.2 0.2 0.5 0.4 0.1 0.24 0.7 0.8 0.2 2.0 2.0
1.5 1,5 1,7 1,7 1,55 2.1 2,1 t,g 1,7 1.7 1.5 1.3 1.2 t.2 1,4 1.6 1,5 1.5 1,5 1,7 1,7 1,5

6 2.1 2.1 1.9 1.8 1,8 t,8 1,6 1.4 1.4 1.5 1.7 1.5 1,5 1.5 1.5 1,4 1,3 L4 1,5 1,5 1.4 1.4 J

I7 1.5 t.4 1,4 o,g 0,g 1.0 0.g 0.9 0,9 0,g 0.9 1.4 1.4 t.5 1,4 t,4 1,3 1.4 1.4 t.4 1.4 1.3
8                                    1.4         1.4         1.3         1.0         1.0         1.0         0.9         0.9         0.g         0.9         0.9                                        1.4         1.5         1.5         1.4         1.4         1.3         1.4         1.5         1.5         1.4         1.4

REPRESENTATIVE DRY YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAy JUN JUL AUG SEP

1 1.2 0.9 1.2 0.7 0.9 0.5 0.8 0.8 0.7 0.7 0.7 2.1 2.0 2.1 2.0 2.1 2.3 2.1 2.1 2.3 2.1 2.1
2 1.2 9,9 1.2 0.3 0.5 0.3 0.4 0.4 0.2 0.2 0.2 2.| 2.0 2.1 1.9 2.0 2,0 1,8 1.8 2.0 2.0 1.g

2.0 1.9 1.9 1.9 1.7 1.8 2.0 1.93 0.8 0.g 0.8; 0.2 0.2 0.2 0.4 0.4 0.2 0.2 0.2 2.0 2.0 1.g
4 0,7 0.8 0.7 0.3 0,2 0,2 0.5 0.4 0.2 0.2 0.2 2.0 2.0 2.0 1.9 2.0 1.9 1.8 1.8 2.0 t ,g 1.9
5 2.0 2.0 2,0 1.9 1.8 1.7 1,3 1,3 1.3 1.4 1.5 1,5 1.5 1.5 1.5 1.5 1.7 1.7 1.7 1.7 1.6 1.5
6 2.0 2,0 2.0 1.9 1,8 1.8 1.5 1.5 1,5 1.5 . 1.6 1.5 1.5 1.5 1.4 1.5 1.4 1.4 1.5 1.5 1.5 1.4
7 1.4 1.4 1.4 1.0 0.9 0,g o,g 0.9 O.g 0.g 0.g 1.5 1.5 1.5 1.3 1.4 1.4 1.4 1.4 1.4 1.4 1.4
8 1.4 1.3 1.3 1.2 1.3 1,2 O,g 0.g 0.g Og 0,g 1.5 1.5 1.5 t .4 1.4 1.4 1,4 1.4 1.5 1.4 IREPRESENTATIVE BELOW NORMAL YEAR

ALT ~ NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FE~ MAR APR MAY JUN JUL AUG SEP ’
NA 0.5 0.5 0.5 0.6 0.5

J             J

0,6 0.9 0.9 0.6,~ 0.7 0.7 3.2 3.3

1.6

3.1 3,0

Jl

3.1

J

0,g

3.1 3.2 3.10,7 3.3 3.3 3,3 2.9
2.1 2.3 2.1 2.1 2.3 2. t 2.11 1.0 1.0 1.2 0.g 0.9 0.5 0.g 0.8 0.8; 0.g 0,g0.8 2.1 2.1 2.1 2.0 2.0

2.0 2.1 2.12.1 1.9 1.7 1.82 1.0 t.0 1.2 O.g 0,9 0.8 0.3 0.5 0.4 0.~ 0.g 0.g 2.1 2.1 2,1 2.0
3 0,8 0,8 0,8 0.g 0,g 0,8 0.2 0,5 0.4 0.~ 0.8 0.9 2.1 2.(~ 2.0 1.9 1.9 2.1 I.g 1.7 1~8 2.0 2.1 2.0

2.0 2.1 2.02.1 1.g 1.7 1,84 0.7 0.7 0.7 0,g 0.9 0,7 0.2 0.5 0.5 0.~ 0.8 0.8 2.1 2.0 2~0 1.9 2.0
5 1.9 1,9 2.0 2.1 2.0 1.8 1.7 1,3 1.3 1.5 1,5 1.8 I~6 1.6 1.5 1.5 1.5 1.6 1.7 1.7 1,7 1.7 1.6 1.5
6 1.9 1.9 2.0 2,1 2.0 1,8 1~9 1.6 1.5 1.6 1.5 1.8 1.6 1,6 1.5 1.5 1.5 1.6 1.4 1.4 1.5 1.5 1.6 1.5
7 1,4 1,4 1.4 1.5 1.5 1.4 1.0 0.g 0.9 0.9 1.4 1.4 1.5 1.5 1~5 1.4 1.4 1,6 1.3 1.3 1,4 1.5 1.6 1.5
8 1.3 1.3 1,3 1,4 1,4 1.3 1.2 0.g 0.g 1,3 1,4 1.5 1.5 1.5 1.4 1.4 1,4 1,4 1.4 1.5 1.6 1.5

REPRESENTATIVE ABOVE NORMAL YEAR                                                                                      1
ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP

0.8 0.8 0.8 ; 0.6 0.S 3.3 3.3 3.3 3.0 3.0 3,0 3.1 3,0 3~1 3.2 3.2 3.3
! 1.3 1~3 1.t 0.9 1,2 1,0 0,8; 0,8 0.8 0.8; 0.8 0.9 2.t 2,0 2.0 2.0 1.8 2.1 2.1 2.1 2.1 2,3 2,2 2.1
2 1.3 1.3 1.1 0.9 1.2 1.0 0.8~ 0,4 0.4 0,~ 0.8 0.9 2.1 2.0 2.0 2.0 1.8 2.1 2.1 1.9 f,g 2.0 2,2 2.1
3 0,8 0.8 0,9 0,g 1.1 0,9 0.8 04 0,4 0~2 0,8 0.8 2.0 2,0 2.0 2.0 1,7 2.0 2.0 1,8 t.8 2.0 2.1 2.1
4 0,7 0.7 0.8 0.8 1.1 0.9 0.8 0.4 0.4 0.2 0.8 0.7 2.0 2,0 2.0 2.0 1.7 2,0 1.8 t.8 2.0 2.1 2. t2,0
5 2.0 2,1 2.1 1.9 2,5 2.2 2,0 1.4 1.4 1.5 1,6 1.9 1.8 1.5 1.5 1.5 1.3 1.6 1.5 1.7 1.7 1.7 1,6 1.6
6 2,0 2,1 2.1 1,9 2.5 2.2 2.0 1.5 1.5 1,6 t.6 1,9 1,5 1.5 1.5 1,5 1,3 1.6 1,5 1.5 1.5 1.5 t.6 1.8
7 1.5 1,8 1.4 1.4 1.7 1.4 1.4 0.9 0.9 0.g 1.4 1~4 1,5 1.4 1.4 1,5 1,2 1.5 1.5 1,5 1.5; 1.4 1.6 1.5
8 1.4 1.4 1,4 1.4 t.6 1.4 0.9 0.9 0.g 1.3 1.3 1.5 1.4 1,5 1.5 1.2 1.5 1,5 1,8 1.5 1,6 1.5

REPRESENTATIVE WET YEAR
ALT OCT NOV CEC JAN FEB MAR APR MAy JUN JUL AUG SEp OCT NOV [;EC JAN FEB MAR APR MAY JUN JUt. AUG SEP I1 1.4 1.0 0.8 1.3 1.4 1.9 1.81 0.8 1.2 t.(; 0.9 0,g 1.7 2.0 2.2 2,0 1.9 1.3 1’.1 2.0 1.8 2.0 2.1 2.1
2 1,4 1.0 0.8 1.3 1.4 1,9 1,8 0.8 0,9 0.1~i 0.g 0.9 1.7 2.0 2.2 2,0 1.9 1.3 1,1 1,5 1,4 1,6 2.1 2,1
3 1,4 0~9 0.8 0,9 1,0 1.8 1,8 0.5 0,8 0.8 0.8 0,g 1.6 2.0 2.1 1,9 1,9 1.2 1.1 1.5 1,4 1.5 2.1 2.0
4 1.3 0,9 0.7 0.8 0.9 1.4 0,6 0,8 0,8 0.8 2.01.5 0.6 1.6 2.1 1.9 1.9 1.2 1.1 1.8 1,4 1.5 2.1 2,0
5 1.5 1,7 1.7 2.2 2.3 2,8 2,8 1.4 1.4 1.3 1.5 1.9 1.5 1.6 t,6 1.5 1.4 0.9 0.7 1.7 1.7 1.7 1.6 1,5
6 1.5 1.7 1.7 2.2 2.3 2.8 2.8 1.9 1.0 1.5 1.5 1,9 1.5 1.6 1.6 1,5 1.4 0.9 0,7 1.2 1.3 1,3 1.6 1,5
7 1.5 1.4 1.3 1.5 1.6 1.8 2.0 1.0 1,0 1.0 1.4 1.4 1.5 1.6 1.6 1.4 1.3 0.9 0.7 1.2 1.2 1.2 1.6 1.5
8 1,4 1.3 1,2 1.5 1.6 1.9 1,0 t.0 1.0 1.3 1.4 1.5 1,8 1,6 1.4 1,3 0.9 1.2 1.2 1.3 1.6 1,5

DESCRIPTION OF ALTERNATIVES 1
HA No-Action
1 Northern Intake. Barrier Configuration A $ Northern Intake. BarrierConfiguration A. CVP tie-in to Forebay
2 Northe~’n intake. Bard~ Configuration S $ Northern Intake, B~rrier Contiguratlon B. CVP tie-in to Forebay
3 Enlarged F~’eb=y with North Victoria Intake, Barrier Configuration B 7 Enlarged Forebay withNorth Victoda Intake, Barrier Conflgui’ation B, CVP tie-in to Fotebay
4 Enlarged Forebay with Highway 4 Intake. Barrier Configuration B I Enlarged Forebay withHlgllway 4 Intake, Barder Configuration B. CVP tie-ln to Forebay

1
Note: * Indicates tilat flow is not In this direction. Note: Outlined values indicate that ban’ier~ are operating
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TABLE C-20 (cont.) ’

!
~;;~ - ~J ~’ MAXIMUM UPSTREAM AND DOWNSTREAM...... ~2.

IN THE SOUTH DELTA

GRANT LINE CANAL

i REPRESENTATIVE CRITICAL YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAy JUN JUL AUG SEP OCT NOV DEC JAN FE~ MAR APR MAY JUN JUL AUG SEP

0.8 1.0
0.8

2 t.2 1.2 1.1 0.8 0,8 0.8 0.8 0.7 0.8 0.8 0,8 0.7 0,7 0.8 0.7 0.8 0,9 0.9 0.8
3 1.2 1.2 1.1 0.8 0,8 0.8 0.8 0.7 0.8 0.8 0.8 0.6 0,7 0.8 0.8 0.7 0.6 0,7 0.9 0.8 0.8 0.7
4 1.2 1.2 t.l 0.8 0.8 0.8 0.8 0.7 0.8 0.8 0.8 0.6 0,7 0.8 0,8 0.7 0.6 0.7 0.8 0,8 0,8 0,7

6 1,5 1.5 1.3 0.9 1.0 1.0 O.g 0.8 0.8 0.8 0~9 0.8 0.~ 0.9 1,0 0.9 0.8 0.9 1.0 1.0 1.0 0.9
7 1.1 1.1 1,0 0.7 0.8 0.8 0.8 0.7 0,7 0.7 0,8 0.8 0.8 0.9 O.g 0.8 0,8 0.8 1.0 t.O O.g 0,8
S 1.2 1. t 1.0 0,7 0,8 0.8 0.7 0 7 0.7 0.7 0.8 0.8 0,8 0.g 1.0 0.8 0.8 0.9 t.0 t.0 1.0 0.8i REPRESENTATIVE DRY YEAR

, ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP

i 3 t.I 1.t 0,’~ 0.8 0.8 0,8 0,8 0.8 0.8 0.8 0.7 0.8 0.7 0.8 0.7 0.8 0,8 0,8 0.8 0.7

8 1.1 1.0 1.0 0,8 0.8 0.8 0.7 0.7 0.7 0.7 0.7 0.g 0.8 0.g 0.8 0.9 0.9 0.9 1.0 1.0 1.0 0,9

0.9I                                                                                        0.9 1,0 ]                                0.9    0,7

0.80,g

1,0 t.O 1.0 1.1 1.1 t.O 0,8 0.8 0.7 0.7    1.0 1,1 0.9 0,9 0.9 0,7 0,8 1.0 0.8 0.8 0.9 1,0 1.0 0.8
8 1.0 t.0 1.1 1,1 1.1 0.8 0,8 0.7 0.7 0,9 1.0 0.9 0.g 0,g 0.7 0.8 0.8 0.8 0.9 1.0 1.0 0.g

REPRESENTATWE ABOVE NORMAL YEAR

0,7 0.80,9

2 1.2 1.2 1,2 1~2 1.5 1,2 t,2 0,7 0.7 0,8 1,1 t.1 0.8 0,7 0.7 0.8 0,3 0,7 0.8 t,O t.O 0.8 09 0.8
3 1,2 1.2 1.2 t.t L5 1,2 1,2 0.7 0.7 0,8 1.1 1,1 0.7 0.6 0.7 0.8 0.3 0.7 0,7 0.9 0.9 0,8 0.9 0.8
4 1.1 1.2 1.2 1.1 1.5 1.2 1.1 0.7 0.7 0~8 t,l L1 0.7 0.6 0,7 0.8 0.3 0,7 0.7 0.9 0~9 0~8 O.g 0.8

REPRESENTATIVE WET YEAR
~LT      OCT NOV EEC JAN FEB MAR APR MAY JUN JUL AUG SEP          OCT NOV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP

t,8 0,9 O,g 0.9 1.1 0.5 0.1 0.5
4 1.0 1.0 t,0 1.2 t.3 t,7 L8 0,9 0.9 0.9 1.1 1.2 0.9 0.9 1~0 0.6 0.5 0.1 0,5 0.6 0.6 0.9 0.7

8 1.0 0.9 0.9 1.2 1.4 1,6 1.7 0.9 0.8 0.8 1.0 1,0 0,9 1.0 1.1 0.7 0.6 0.1 0,6 0,7 0.7 1.0 0.8

DESCRIPTION OF ALTERNATIVE~

I NA No-Action
1 Nor’~hern Intake. Barrier Contiguration A $ Northern Intake, Barrier Configuration A, CVP ~e-in 1o Forebay
2 Northern Intake. Barrio" Configuration B ~ Nort]~rn Intake, Barri~ Configuration B, CVP tie-in to Forebay
3 Enlarged Forebay with North Victoda Intake, B~rriar Configuration B 7 Enlarged Forabay with N~xth Victoda Intake, Barrier Configuration Bo CVP tie.in to Forebay
4 Enlarged Forebey with Highway 4 Intake, Barrier Configuration B 8 Enlarged Forebay with Highway 4 Intake, Barder Configuralion B. CVP t~e-in to Forebay

I Note: " Indicate¯ ~at flow is not in ~is direction. Note: Outiir~d value¯ indicate that barriers are oplcal~n9
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)~==’~). / -e~_,~,oo,,,,, ~ TABLE C-20 (cont.)

~,~0~~    ~

PHASEII MODELING

~’~" ~ ~ ~ MAXIMUM UPSTREAM AND DOWNSTREAM
..... .=~a VELOCITIES

;JJ ~ .... ~.~ IN THE SOUTH DELTA

~ ~

OLD RIVER NEAR PARADISE CUT

I

MAXIMUM DOWNSTREAM VELOCITY (FEET PER SECOND) M~i3(IMUM UPSTREAM VELOCITy (FEET PERSECOND)
I

REPRESENTATIVE CRITICAL YEAR
ALT OCT NOV [E:C JAN FE~ MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN ~ MAR APR MAY JUN JUL AUG SEP

qA 1.7 1.7 1.5 1.3 1.5 1.5 1.4 t.3 1.3 1.3 1.4 0.3 0.8 0.3 O.t 0.4 0.8 0.7 0.7
t 1.8 1.7 1.5 1.3 1.5 0.8 0.8 0.8 0.9 1.4 1.4 0.4 0.0 0.3 0.9 1.0 1.0 t.O 0.8 0 S I2 1.8 1.7 1.5 0.8 0.9 1.0 O.g 0.8 0.8 0.8 0.~ 0.4 0.8 0.3 0.t 0.4 0.7 0.7 0.7 0.4
3 1.8 1.7 !.5 0.8 0.9 0.9 0~O 0.B 0.8 0.8 0.~ 0.2 0.6 0. t 0.0 0.3 0.6 0.6 0.6 0.3
4 1.7 1.7 1.5 0.8 0.9 0~9 O.g 0.8 0.8 0.8 0.9 0.2 0.6 0.1 0.0 0.3 0.6 0.5 0.6 0.3

7 1.7 1.6 1.4 0,7 0.9 0,9 0.9 0.8 0.7 07 0,8 0.1 0.6 0.9 0.5 0.3 0,5 0,8 0.9 0.9 0.7 I8 1,6 1.6 1.4 0.7 0.9 1.0 0.9 0.8 0.7 0.7 0.8 0,0 0.5 t.O 0.5 0.3 0.5, 0,8 0.g 0.g 0.7
REPRESENTATIVE DRY YEAR

ALT OCT NOV ~ JAN FEB MAR ,~PR MAY JUN JUL AUG SEP OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP

2 t.5 1.6 I..= 0.9 0.9 1.0 0.8 0.8 0.8 0.8 0.~ 0.3 0.2 0.4 0.5 0.5 0.3 0.7 0.8 0.7 0.8 0.5
3 1.6 1.6 1.5 0.9 0.g 0.g 0.8 0.8 0.8 0.8 0.~ 0.2 0.1 0.2 0.3 0.3 0.2 0.6 0.7 0.6 0.7 0.4
4 1.5 1.6 1.5 0.9 0.9 0.9 0.8 0.8 0.8 0.8 0.8 0.1 0.0 0.2 0.3 0.3 0.2 0.6 0.7 0.6 06 0.4
5 1.6 1.5 1.6 1.4 1.5 1.4 1.2 1.2 1.2 1.2 1.3 0.6 0.5 0.7 0.9 0.g t.O 1.1 1.t 11 1.1 1.0
6 1.6 1.5 1.6 1.0 1.0 1.1 0.8 0.8 0.8 07 0.8 0.6 0.5 0.7 0.8 0.8 0.7 09 t.O 1.0 1.0 0.9
7 1.5 1.5 1.4 0.8 0.8 0.g 0.8 0.8 07 0.7 0.8 0.4 0.4 0.6 0.7 0.7 0.5 0.8 0.9 0.9 0.0 0.8

I8 1.4 1.5 1,4 0.9 0.g 1.0 0.8 0.7 0.7 0.7 0.8 0,4 0.3 0.5 0.7 0,7 0.5 0.8 0.9 0.9 09 0.8
REPRESENTATIVE BELOW NORMAL YEAR

1 1.5 t.5 L6 1.7 1.7 1.4 0.8 0.8 0.8 0.~ 1.4 t.6 0.3 0.4 0.2 0.6 1.0 t.O 1.0 I.C 0.7 O.t

4 1.5 1.5 1.6 1.7 1.7 1.4 1.0 0.9 0.8 0.8 1.4 1.6 0.2 0.2 0.0 0.4 0.2 0.5 0.5 0.6
5 1.6 1.5 1.6 1.7 1.7 1.4 1.4 1.2 1.2 1.3 1.3 1.5 0.7 0.7 0..5 0.1 0.t 1.0 1.0 1.1 1.1 1.1 1.1 0.4

7 1.4 1.4 1.5 1.6 1.6 1.3 0.9 0.9 0.8 0.8 1.3 1.5 0.5 0.6 0.3 0.0 0.! 0.8 0.3 0.4 0.8 0.9 1.0 0.3
8 1.4 1.4 1.4 1.6 1.6 1.3 1.1 0.9 O.B 0.8 1.2 1.5 0.5 0.5 0.3 0.0 0.0 0.8 0.3 04 0.8 0.9 0.9 0.3

REPRESENTATIVE ABOVE NORMAL YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

2 1.7 1.8 1.7 1.6 2.4 1.7 1.e 0.7 0.7 0.e 1.4 1.6 0.0 0.3 0.1 0.9 1.0 0.~ 0.8 0.2
3 1.7 1.8 1.7 !.6 2.4 1.7 I.e 0.7 0.7 0.e 1.4 1.6 0.2 " 0.9 0.9 0.4 0.6 0.1
4 1.6 1.8 1.7 1.5 2.4 1.7 1.6 0.7 0.7 0.8 1.4 1.5 0.1 0.9 0.8 0.4 0.6 0.1
5 1.7 1.7 1.7 1.5 2.3 1.7 1.6 1.1 1.1 1.3 1.3 1.5 0.3 0.0 0.1 0.6 0.2 0.4 1.1 1.1 1.1 1.1 0.6
6 1.7 1.7 1.7 1.5 2.3 1.7 t.6 0.7 0.7 0.4 0.9 0.6

8         1.5    1.6    1.6    1.4    2.3    1.6           0.7    0.7    0.8    1.2    1.4           0.2           0.0    0.4           0.1           1.0    10    0.8    1.0    0.4,
REPRESENTATWE WET YEAR                                                                                           i

ALT OCT NOV Dr:C JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP I
3 1.4 1.4 1.3 1.8 2.1 2.8 3.1 1.2 1.1 1.1 1.4 1.6 0.6 0.8 0.9 0.5
4 ~.4 1,3 1.3 1.7 2.1 2.8 3.1 1.2 1.1 1.1 1.4 1.6 0.6 0.8 0.9 0.5

DESCRIPTION OF ALTERNATIVES ¯

1 Northern Intake, B~rdar Configuration A S Northern Intake, Barrier Cor, figuratior~ A, CVP ~e~n to Forebay
2 Northern Intake, Birder Configuration B 6 Northern Intake, Bard~ Configuration B. CVP 1e-in to For~Oay
3 Enlarged Fotebay with North Victoria Intake, Barrier Configuration B 7 EnlargKI F~ebay with N~lh Victoda Intake, Barrier Configuration B, CVP fie.in to Fo~’ebay
4 Enlarged Forebay with Highway 4 ]make, Ban’ie~ Configuration B $ Enlarged Forebay with Highway 4 Intake, Barder Conflg~.ttion B, CVP tie-in to Forebay

Note: * Indicates that flow 15 not in this direction. Note: Outlined values indicate that barrier= are
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PHASE II MODELING

! ,,,,.,x.,,,.,,,,,,,,o
,~,’~ ’.~    ,,.,,o. .... / ,,~-~,:. ~’~ VELOCITIES,, .,-,.,, so,,.,-,., o,,_.,-,,

/    ! ~O¢,+ ’,,,,,,~ .,...,,.~.~g~:=r=..~ ___~ ~ OLD RIVER JUST UPSTREAMd ,’ ’~,~/,,,,,_ -- ~ F’~"-~"’~,, ...., )L
~

"~~ ~""

OF MIDDLE RIVER

M~J<IMUM I~WNSTR~AM V£/O~ITy (FF.~’T PER SE¢ONn)                                                                                            MinIMUM UP$1"REAM VELOCITY (FEL~I" PER $+:CONI~

! ~RE~ENT~TWE ~Rrr~AL Y~N
ALT OCT NOV ~EC JAN FEB MAR APR MAy JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAy JUN JUL AUG SEP
NA t.? L8 1.8 1.4 1,2 1.4 1.5 t.4 t.2 t.2 I~2 I~3 0.5 0.4 0.3 0.4
I t.7 1.8 I~7 1.4 1.2 |.4 0.5 0.5 0~4 0~4 t 2 1.3 0.5 0.6 0.6 0.6 0.6 0.5 0.2

i 2 1.6 1.8 1.7 1.41 0.8 1.0 1.0 0,9 0~8 0.8 0.7 0.= I 0,5 0.4 0.4 0,5 0. t
3 1.4 1.8 1.7 1.41 0.7 0.9 t,0 0.9 0.8 0.8 0.8 0.~ 0.4 0.3 0,4 0.4
4 1.5 1.8 1.7 1.4 0.7 1.0 1.0 0.9 0.8 0.8 0~8 0.g 0.4 0.2 0.3 0.4
S 1.7 1.8 1.7 1.4! 1.1 1.3 0~8 0.7 0.7 0.7 1.1 1.1 0.3 0.8 0.3 0.7 0.7 0.7 0.7 0.7 0.6
6 1.6 1.8 I~7 1.41 1.0 1.2 1.2 1.0 0.8 0.8 0.8 I.(: 0.3 0,7 0.2 0.0 0.3 0.6 0.7 0.7 0.5
7 1.3 1.7 1.6 1.3 0.7 0.9 O.9 0.8 0.7 0.7 0.6 0.; 0.2 0.7 0.1 0,1 0.5 0.6 0.6 0.4

i 8 I.__5 1.7 1.6 1.3, 0,8 1.1 1.1 1.0 0.7 0.7 0.6 0.~ 0.1 0.7 01 0.1 0.5 0.6 0.6 0.4
REPRESENTATIVE DRY YEAR

ALT ~ NOV CEC ,JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
’ NA ~ I 1.5 1.5 1.5 1.4 1.4 1.4 1.2 1,2 1,2 1,2 1.3 ~ 0,1 0.0 0.4 0.5 0,4 0.5 0.2

1 1.3 1,8 1,5 1.5 1.3 1.4 0,5 0.5 0.5 0.4 1,2 1.= i 0.2 0,2 0.6 0,6 0,6 0.6 0.5 0.3
2 I.(: 1,6 1.5 1.5 1,1 1.3 1,2 0.7 0.7 0.8 0.7 0.~ 0.1 0,2 0,4 0,5 0.4 0.5 0.3

i 3 0,~ 1.5 1.5 1.4 0.9 1,1 0.9 0.8 0.7 0.8 0.7 0.~ 0.3 0,4 0.3 0.4 0,2
4 1.(~ 1.5 1.5 1.4 0.9 1.2 1.0 0.8 0.7 0.8 0,7 0.~ 0.2 0,4 0.4 0,4 0.2
5 1,3 1,6 1,5 1.61 1,3 1.4 0.8 0.8 0.8 0.8 t,I 1.I 0.4 0,2 0.3 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.6
6 1,2 1.6 1,5 1,6 i 1.2 1.3 1.3 0.9 0.8 0.8 ¢,.7 0.~ 0,4 0.2 0,3 0,5 0.5 0.3 0.6 0,7 0.7 0.7 0,6
7 0.g 1,4 1.5 1.4 1 0,9 1.0 1.0 0,7 0.7 0.7 0.6 0.~ 0.2 0.2 0.4 0,4 0.2 0,5 0.6 0.6 0,7 0,5

i REPRESENTATIVE BELOW NORMAL yEAR
ALT OCT NOV DEC JAN FF.B MAR APR MAY JUN JUL AUG SEP OCT NOV C~=C JAN FEB MAR APR MAY JUN JUL AUG SEP
NA 1,5 1,5 1.6 1,7 1.8 1,3 1.5 1.4 1.3 1,21 1,3 1.5 0,1 0.4 0.3 0.3

1 1.5 1.4 1.6 1,7 1,7 1.3 0,5 0.5 0.5 0.51 1,3 1.6 0.2 0.6 0,6 0.6 0.6 0.4
2 1.,5 1,4 1,6 1.7 1.7 1.3 1.3 1,0 0.8 0.8i 1.3 1.6 0.2 0.4 0.3 0.4

0.8 1.3
5 1,6 1.5 1.6 1.6 1.6 1.3 0,8 0,8 0.7 0.8 t,2 1,5 0.3 0,3 0.6 0.7 0.7 0.7 0,7 0.7
6 1.6 1,5 1,6 1,6 1.6 1.3 1,3 1.0 0.9 t.2 1~5 0.3 0,3 0.6 0.2 0.6 0.6 0.7
7 1,4 1,4 1.5 1.6 1,6 1.3 1.1 0,9 0.7 0.71 1.2 1,5 0,1 0,2 0,5 0.0 0.5 0.5 0,6
8 1.4 1,3 1.5 1,6 1.6 1,2 1.3 1.0 0.7 0.81 1.2 1.$ 0,1 0.1 0,4 0.0 0.5 0,5 0.6

REPRESENTATIVE ABOVE NORMAL YE~,R

I ,LT OCT NOV DEC JAN FF-B MAR APRI
MAY JUN JUL1

AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
NA 1.7 1.8 1.8 1.5 2.7 1,7 1.5 1.1 1.1 1.3 1.2 1,5 0.7 0.6 0~2 0.4
1 1.7 1.8 t.7 1,5 2,7 1.7 1,6 0,5 0.5 0.4 1.3 1,5 0.6 0.6 0.6 0.4
2 1,7 1.8 1.7 1.5 2.7 1.7 1 6 0,7 0.7 0,81 1,3 1,5 0.7 0,6 0,3 0.4

~ 1.8 I.B t.~ 1,8 ~.~ l.z I.s o.z o.~ o.8!1.3 1.s o.~ o.s o.o o.~
~ 1.Z ~.~ I.Z 1.~ =.~ ~.Z ~.siO.Zo.~ 1.ol1.~ ~.S o.= 0., 0.8 0.8 O.Z o.1~ ~.8 1.Z 1.~ I.~ ~.8 1.8 l.sl’ 0.~ 0.~ o.~1I.~ ~.~ 0.0 0.Z 0.Z O.S0.8
8 1.6 1.7 1.6 1.4 2.6 1,6 1.51 0.6 0.6 0.8,1 1.1 1.4 0.7 0.7 0.5 0,6

RF-.PRESENTATWE WET YEAR
ALT OCT NOV CEC JAN FE~ MAR APR MAY JUN JUL AUG SEP OCT NOV ~ JAN FF-B MAR APR MAY JUN JUL AUG SEP

I NA 1.3 ,., ,., 3., 3.,I,.9 ,., ,.,I ,.3 ,., 0.,0., 0.,
1 1.3 1,2 1.1 1.8 2.2 3.2 3.51 0.5 0,5 0,4] 1.3 1.6 0,4 0.6 0.7 0.6 0.7 0,6 0,3
2 1.3 1.2 1.1 1,8 2.2 3.2 3.5 1,4 1.1 1,3; 1,3 1.6 0.4 0,6 0.7 0.3

4 1.3 1.2 1,1 1.8 2.2 3.1 3.5: 1.4 1.1 1.2 L3 1,6 0.4 0,4 0.6 0.3
5 1,3 1,1 1.1 1.8 2.2 3,1 3,5i 0,8 0.4 0,7i 1.2 1.5 0.5 0,8 0.9 0.7 0.7 0.7 0.$
6 1,3 1.1 1.1 1.8 2.2 3.1 3,5 1.4 1,1 1.31 1,2 1.5 0.6 0.8 0.9 0.6
7’ 1,3 1.1 1,1 1.7 2,1 3.1 3,4 1,3 1.1

1,2j
1.2 1.5 0.4 0.7 0,8 0.5

8 1,3 1,1 1.0 1.7 2.1 3,1 3,4 1.4 1,1 1,3 1,2 1.5 0.3 0.7 0,8 0.5

DESCRII:~K)N OF ALTERNATIVE~

I NA NooAc~on
1 Northern Intake, Berdar Contiguration A $ Northern Intake, Barrier Co~nfiguration A. CVP tie-in to Forebay

3 Enlarged Focebay with North Vtctoda Intake, Barrier Configuration g 7 Enlarged Forebay with No~lh Victodl Intake. Barrier Confi~urltion B, CVP tie-in 1o Forebay

I Note: " Indc~te$ that flow is not in this direction. Note: Outlined va~Je$ indicate that barriers Ire op~rafir~

I 381
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TABLE C-20 (cont.)
PHASE II MODELING

REPRESE~A~E CR~AL Y~R

1 2.2 2,3 2.0 1.8 1.5 L7 0.2 0.2 0.2 0. I 1.5 1.6                              0.5 02 0.2 0.2 02 07

5 2.2 2,3 2.2 1,8 1.4 1.6 0,2 0,2 0.2 0,2 1.4    1.5 ¯ 0,3 0.8 0.2 0.2 0.2 0.2 0.2 0.8 0,6

R@RESE~A~E D~ Y~R
ALT      ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ SEP          ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ SEP

1 1.6 2.1 1,9 2.0 1.6 1.8 0.2 0,2 0.2 0.1 1.5 1.6 i 0,1 O.t 0,2 0.2 0.2 0.2 0.8 0.5

5 1.6 2.1 1.9 2.0 1,7 1.8 0.2 0.2 0.2 0.2 1.4 1.5 0.4    0.1 0.3 0.5 0.5 0.2 0.2 0.2 0.2 0.8 0.7

R@RESE~ATIVE BELOW NORMAL Y~R

1 1,9 1.8 2.1 2.0 2.0 1.~ 0,2 0,2 0,2 0.2    1.7    1.9 0,2 0.2 0.2 0.2 0.2 05

5 2.0 2.0 2.1 2,1 2,0 1 .? 0,2 0.2 0.2 0,2    1,6    1,8 0.2    0.3 0,6 ~ 0,2 0.2 0.2 0.2 0.7

REPRESE~A~VE ABO~ NORMAL Y~R                                                                ,

~ 2.2 2.3 2.3 1.9 3.0 2.1 1.9 1.5 1.5 1.7 1.6 2.0 0.7 0.6 0.2 0.3
1 2.2 2.3 2,1 1.8 3,0 2.1 1,9 0,2 0.2 0,2 1.7 1.9 0.2 0.2 0.2

5 2.3 2.4 2.2 1,8 3,0 2.1 1,9 0.2 0,2 0.2 1.6 2.0                                0.1 0.4 0.3 0,2 0,7 0.0
6 2.3 2.4 2.2 1.8 3.0 2.1 1~9 1.0 1.1 1.3 1,6 2,0 0.1 0.8 0.8 0,6 0.7 0.0

REPRSENTATIVE W~
ALT ~ NOV ~ JAN ~ ~R APR ~Y JUN JUL A~ ~P ~ NOV ~ JAN ~ ~R ~PR ~Y JUN JUL ~ SEP
~ 1,7 1.6 1.5 2,4 2.7 3,5 3.9 2,2 2.0 2.1 1.7 1 .~ 0.4 0,5 0.7 02

1 1.7 1,6 1.5 2.3 2.6 3,6 3.9 0.2 0.1 0.1 1.7 1.9 0.4 0.6 0.7 ~ 0.2 0.2 0.2 0.3

3 1.7 1.6 1.5 2.1 2,6 35 3.9 1.7 1.5 1,6 1,7 1,9 0.5 0,5 0.6 0,4
4 1~7 1.6 1.5 2.2 2,6 3.5 3,9 1.8 1.5 1.6 1.7 1,9 0.5 0.4 0.6 0.4
5 I ~7 1.5 1.4 2.4 2.7 3.5 3.9 0.2 0,2 0.2 t.6 1,9 0,5 0.8 1.o 0.2 0,2 0,2 0,6

NA No-AcBon

C--041 625
(3-041625



!

TABLE C-21
PHASE II MODELING

MAXIMUM UPSTREAM AND DOWNSTREAM
VELOCITIES

IN THE NORTH DELTA
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TABLE C-21 (cont.) !

m~ PHASE II MODELING

MAXIMUM UPSTREAM AND DOWNSTREAM i
VELOCITIES

IN THE NORTH DELTA

I
DEAD HORSE CUT

MAXIMUM DOWNSTREAM VELOCITY (FEETPER SECOND) M~XIMUM UPSTREAM VELOCITY (FEET PER SECOND)

REPRESENTATIVE CRITICAL YEAR
ALT OCT NOV ~ JAN P"F.B MAR APR MAY JUN JUL AUG SEP OCT NOV C~C JAN FEB MAR APR , MAY JUN JUL AUG SEP
qA 2.0 1.8 1,9 1.9 1.9 1.g 1.g 1.9 1.9 1.° f.9 0.4 0.6 0,9 0.8 0.9 0.7 1.0 0.9 0.8 0.g

09 0.8 1,0 0.g 1.0 t,0 t,0 1.12 2,0 1.8 0.2 0,6 0.g

4 2,0 1.8 1.9                                                                                         0,30.7

7 2.0 1.8 1.9 1.g 1.9 1.9 1.9 1.9 t.g 1.9 1.9 0.3 0.7 0.9 0.8 1.0 1.0 1.0 f.O 1.0 t.0 1.1

REPRESENTATIVE DRY YEAR
ALT       OCT NOV [TcC JAN FEB MAR APR MAY JUN    JUL AUG SEP           OCT NOV D~C JAN FF.B MAR APR MAY JUN JUL AUG SEP

t 1.7 1.9 0.7 1.9 2,0 1.8 f.7 1.8 f.g 1.9 1.8 0.1 0.8 0.8 0.8 0.2 0.5 0.8 0.8 0.8 1.0 1.1
2 1.7 1.g 0.7 1,9 2.0 1,8 1.7 1.9 t.9 f.9 1.8 0.1 0,8 0.8 0,8 0.2 0.5 0~9 0,8 0.8 1,0 1,1
3 1,7 f.g 0.7 1.9 2.0 1.8 1.7 1.9 t.g 1.9 1,8 0. f 0.8 0.7 0~8 0.3 0.5 0.9 0.8 0,8 1.0 1,1
4 1.7 1,9 0,7 1.9 2.0 1,8 1.7 I.g t.g 1.9 1,8 0.1 0,8 0.8 08 0.2 0,5 0.9 0.8 0,8 t,O 1,1

6 1.7 1,9 0.7 1,9 2.0 1.8 1.7 1.8 t,g 1.g " 1.8 0.1 0.g 0.8 0.8 0.3 0,6 0.9 0.9 0,8 1,0
7 1,7 1.g 0.7 1.9 2,0 1.8 1",7 1.8 1,9 t.9 1,8 0.2 0.9 0.8 0.8 0.3 0,6 0,9 0.g 0.9 t.0         1.1
8 1,7 l.g 0,7 f,g 2.0 t.8 1.7 1.8 1,9 1,9 1,8 0.1 0,9 0.8 0,8 0.3 0.6 0.9 0,9 0.9 t.0 1,1

REPRESENTATIVE BELOW NORMAL YEAR
ALT OCT NOV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY .,tUN JUL AUG SEP

1 1.4 f.9 1.6 1.0 0.7 1.1 1.6 1.8 1.9 2.0 1.9 1.9 0.8 0.5 0.4 0.6 0.8 0.6 0.8 0.9 0.7 0.5 0.9 1.0
2 1,4 t.9 1.6 1.0 0.7 1.1 1,6 1.8 2.0 2.0 1.g 1.g 0.8 0.5 0.4 06 0,8 0.6 0.8 0.9 0.7 0.6 0.g 1.0 --
3 1,4 1.9 1.6 1.0 0,7 1.1 1.6 1,8 2.0 2,0 t,9 1.g 0.8 0,5 0.4 0~7 0.8 0,6 0,8 0.g 0.7 0,6 0.9 1,0
4 1.4 1.9 1,6 1.0 0.7 1.1 1.6 1.8 2.0 2.0 1.9 1.9 0.8 0,5 0,4 0,6 0.8 0.6 0,8 0,9 0.7 0,6 0.g 1.0
5 1.4 1,8 t.6 1.0 0.7 1.1 1.6 1.8 t.g 2.0 t.g 1.8 0,8 0,5 0,4 0.6 0~8 0.6 0.8 0,9 0.7 0,6 0,9 1.0
6 1.4 1.8 1,6 t.0 0.7 1.1 1.6 t.8 t,g 2,0 1.g 1,8 0.8 0.5 0.4 0,6 0.8 0,6 0.8 0.9 0.7 0.6 0,9 1.0
7 1.4 t.8 1.6 t.0 0,7 t.1 1.6 1.8 t.g 2.0 1.9 1,9 0.8 0.6 0.4 0.7 0.8 0.6 0.8 0.9 0.8 0.6 0.g 1.0
8 1.4 1.9 1.6 1.0 0.7 1.1 1.6 1.8 1.g 2.0 1,9 1.9 0,8 0.6 0~4 0.6 0.8 0.6 0.8 0.9 0,7 0.6 0.9 1.0

REPRESENTATIVE ABOVE NORMAL YEAR
ALT ~ NOV DEC JAN FF.B M-~R APR MAY JUN JUL AUG SEP OCT NOV ~ JAN FEB MAR APR MAY JUN JUL AUG SEP

1 1.4 1.9 1.7 1.9 0,0 0,3 1.4 t,~ 1.9 1.5 0.8 0.4 0.5 0.4 2.0 2.5 1.2 1.1 0.5 0.5 0.8 O.g
2 1,4 1.9 1.7 t,9 0.0 0.3 1.5 |.~ t.g 1.5 0.8 0.4 0.S 0.4 2.0 2.5 1.2 1.1 0.6 0.6 0.8 0.9
3 1.4 1,9 1.7 19 0.C 0.3 1,5 1.~ 1.9 1.5 0.8 0.4 0,5 0,4 2.0 2.5 1.3 1.1 0.6 0,6 0.8 0.9
4 1.4 t.9 1.7 1.9 0,0 0.3 1,5 f,9 t.9 1.5 0.8 0.4 0.5 0,4 2.0 2,5 1,3 1.1 0.6 0.6 0,8 0,9 ,
5 1.4 1.9 1.7 1.g

0,1                  0,1

0,3 1,4 1.9 f,9 1,5 0.8 0,4 0.5 05 2.0 2.5

1.3    1,2

1,1 0.5 0.6 0,8 0,9
6 1.4 1.9 1.7 1.9 0.1 0,3 1.4 1,9 f.9 1.5 0,8 0.4 0,5 0.5 2.0 2.5 1.2 1.1 0,6 0.6 08 O.g

0.6 0.9
8 1.4 f.9 1.7 1,9 0.3 1.4 1,9 1,9 1.5 0.8 0,4 0.5 0.5 2.0 2.5 1.1 06    0.6 0.8

REPRESENTATIVE WET YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV C~C JAN FEB MAR APR MAY" JUN JUL AUG SEP

2.0 1.9 1.4 1.1 1.2 1.3 0.8 0.5 0.6 0.8 0.9
1 1.8 1.9 1,8 0.3 0.1 0.6 1.9 1,9 1.9 1.3 0.8 0,8 1.4 1.1 1.2 0.81,3 0,7 0.8 0,90,8
2 1.8 1.9 1,8 0.3 0,1 0,6 1,g 2,0 1.g 1.9 |.3 0.8 0.8 1.4 1.1 1.2 1.3 0.8 0.8 0.8 0.8 0.9
3 1.8 t.9 1.8 0.3 0.1 0.6 1.g 2.0 1,9 1.9 t.3 0,8 0.8 1.4 1.1 1,2 1.3 0,8 0.8 0.8 0.8 0. g
4 1,8 1.g 1.8 0.3 0.1 0,6 1.9 2.0 1.9 1.g t,3 0.8 0.8 1.4 t.t 1.2 1,3 0.8 0.8 0.8 08 0.9

6 1.8 1.9 1.8 0,3 0,1 0.6 1.9 1.9 1.9 1.g 1.3 0,8 0.8 1.4 1,f 1.2 1.3 0.8 0.8 0.8 0,8 0.9
7 1,8 f.9 1.8 0.3 0,1 0.6 1.9 2.0 1.9 1.9 1.3 0,8 0.8 1.4 1.1 1.2 1.3 0.8 0.8 0.8 0.9 0.g
8 1.8 1.g t~8 0.3 0. t 06 1.9 1.9 1.g f.g 1.3 0.8 0.8 1.4 f.f 1,2 0.8 0 8 0 8 0.9 09

DESCRIPTION OF ALTERNATWES
NA No-Action
1 Northern Intake. Barrier Configuration A $ Northern Intake, Barrier Configuration A, CVP ~e-in to Forebay

4 Entarged Forebay with Highway 4 Intake, Batri~Configuration B $ Enlarged Forebay wdh Highway 4 Intake, Barber Conflgu~|tio~ B, CVP I~e4n to Forebay

Note: " Indicates that flow is not in t~is d~rection~ Note: Outfined values indicate ~at barrie~ are operating
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APPENDIX D

NEGATIVE DECLARATION FOR SDWMP LAND PURCHASES

387

C--04~ 630
C-041630



State of California
The Resources Agency

Department of Water Resources

Negative Declaration
Proposed South Delta Water Management Program

Land Purchases

The Project. The purpose of this project is to purchase parcels of land adjacent to Clifton Court Fore-
bay that may be needed for the South Delta Water Management Program (SDWMP). One course of
action proposed in the SDWMP is to enlarge Clifton Court Forebay by approximately 3,000 surface
acres, and place a new intake gate at the north end of the Forebay. Some or all of the land purchased
could also be used for State Water Project (SWP) mitigation purposes. The objectives of this project
are to (1) determine willing sellers and thus identify land parcels which will facilitate the planning and
decision-making process; (2) identify to local land owners, counties, and interests those land parcels that
the State has interest in and commitments to, in order that these local entities can make prudent plan-
ning decisions; and (3) determine if additional land parcels are available that could later be used for
SWP mitigation purposes.

This action will not limit decisions on SDWMP alternatives. This project is associated with the
SDWMP planning process; however, the decision to use land acquired under this project will not be
made until after necessary environmental documentation has been completed for the SDWMR

The Finding. The project will have no significant impact on the environment.

Basis for the Finding. Based on the Initial Study, it was determined that there would not be any signifi-
cant project impacts, nor would this project have any adverse environmental effects. Negotiations for
acquiring land parcels adjacent to Clifton Court Forebay will be with willing sellers only. These lands
are zoned for agriculture. Arrangements will be made to maintain current land use of acquired parcels
until after the SDWMP environmental document is complete and final site selection for the Clifton
Court Forebay expansion, if that alternative is selected, and mitigation are implemented. Existing habi-
tats will be unaffected by the acquistion of the land. All required SDWMP environmental clearance will
be obtained prior to development of any of the purchased land. Acquired lands that are not developed
immediately could be leased, or sold, for continued agricultural use, or used as mitigation areas for fu-
ture projects.

Land purchases would mainly serve to enhance the SDWMP planning process. They would entail no
direct impact on the physical environment and they would not commit the Department to any particular
decision under the SDWMP process. Subsequent development actions relating to the SDWMP will be
addressed under separate California Environmental Quality Act documentation, currently under way.

Therefore, this Negative Declaration is filed pursuant to Section 15073 of the Guidelines for Implemen-
tation of CEQA.

Edward E Huntley, Chief                                                                           ~
Division of Planning

Date

388 1
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~AGRAMENTO - ~AN JOAQUIN DELTA

Figure 1. South Delta Study Area
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INTRODUCTION

The south Delta study area generally com- lamation (USBR), consist of the Tracy Fish
prises the lands and channels of the Sacra-Collecting Facility, the intake channel, the
mento-San Joaquin Delta southwest of Stock-Tracy Pumping Plant, and the Delta Mendota
ton (Figure 1). Included in this study area isCanal (Figure 2).
the South Delta Water Agency (SDWA), as In July 1982, SDWA filed a lawsuit concerning
defined in the Formation Act, California Stat-the effects of SWP and CVP operations on the
utes of 1973. In addition, important features
of the State Water Project (SWP) and the Cen-

south Delta. The suit sought a declaration of
the rights of the parties, a preliminary injunc-

tral Valley Project (CVP) are located in the
study area. This area is faced with complex

tion, and permanent injunction requiring that

water right, water supply, water quality, and
the projects be operated to protect the south
Delta. Later, in October 1986, DWR, USBR,

environmental issues,
and SDWA entered into an agreement on a

The area within the SDWA boundaries in- framework for settling the litigation brought

cludes about 150,000 acres, of which about by SDWA. All three parties agreed to work

120,000 acres are used for irrigated agricul- together to develop mutually acceptable, long-

ture. The remaining area consists of water-term solutions to the water supply problems

ways, berms, channel islands, levees, and of water users within SDWA.

lands devoted to homes and industries. In connection with and in addition to the
About 450,000 acre-feet of water is diverted framework agreement, DWR is planning a
from the south Delta channels each year to South Delta Water Management Program
irrigate the fully developed and highly produc-(SDWMP)toaddressobjectivesof improving
tive agricultural land. the water supply and water quality problems

in the south Delta. The SDWMP also takes
Major channels and waterways in the south

into account the broader objectives of DWRDelta study area include: San Joaquin River,
Old River, Middle River, Woodward and

and USBR, which are to improve water supply
reliability, efficiency of SWP and CVP opera-

North Victoria canals, Victoria and North ca-
tions, fishery conditions, navigation, waternals, Grant Line Canal, Italian Slough, Indian

Slough, Tom Paine Slough, and Paradise Cut.
quality, flood control, and recreational oppor-

The SWP export facilities, operated by the tunities.

California Department of Water Resources The program includes a public review of prob-
(DWR), consist of Clifton Court Forebay, lems, alternative solutions, impacts, and miti-
John E. Skinner Delta Fish Protective Facility,gation to provide information to select a
the intake channel, Harvey O. Banks Delta course or courses of action. Several of the
Pumping Plant, and Governor Edmund G. alternative courses of action proposed in the
Brown California Aqueduct. The CVP exportSDWMP include enlargement of Clifton Court
facilities, operated by the U.S. Bureau of Rec-Forebay by about 3,000 surface acres.
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Figure 2. SWP and CVP Export Facilities in the South Delta
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PROJECT OBJECTIVE
The purpose of this project is to acquire landcels that will facilitate the planning and deci-
parcels near Clifton Court Forebay that maysion-making process; (2) identify to local land-
be needed for the South Delta Water Manage-owners, counties, and interests those land par-
ment Program (SDWMP). The lands acquiredcels that the State has interest in and commit-
could ultimately be used to expand the Fore-merits that these entities maketo, SO can pru-
bay or as mitigation areas for future projects,dent planning decisions; and (3) determine

The objectives of this project are to (1) deter-whether additional land parcels are available
mine willing sellers and thus identify land par-that could later be used for mitigation.

PROJECT DESCRIPTION

This project is designed to provide the great-Clifton Court Forebay that is suitable for en-
est flexibility in planning and selecting largement of the Forebay will be contacted.
SDWMP alternatives, without foregoing any Land values will be based on an appraisal to

This will be limited determine fair market value. Those topossibleoptions. project willing
to land parcels in close proximity to Clifton participate in the project shall be offered a
Court Forebay that are suitable for forebay purchase price for their property. The land
enlargement. Parcels considered suitable foracquisition process may entail a variety of ac-
expansion of the Forebay are located on Vie-tions, including the use of options to pur-
toria Island, Byron Tract, Coney Island, Clif- chase, purchase agreements, or purchase out-
ton Court Tract, and Union Island (Figure 3).right, depending upon the circumstances of
About 3,000 acres will be required to enlargethe individual parcel. Arrangements will be
the Forebay. Additional land will be neededmade to maintain current land use of ac-
for mitigation, quired parcels until after the SDWMP envi-

ronmental document is complete and the final
The land acquistion process consists of (1) site for the Clifton Court Forebay expansion is
identification of land parcels suitable for en-selected, if that alternative is selected, and
largement of Clifton Court Forebay, (2) prop-mitigation is implemented. All required
erty selection and appraisal, and (3) negoti- SDWMP environmental clearance will be ob-
ation of a purchase price with willing sellers,tained before any of the acquired land is de-
All landowners with property surrounding veloped.
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RELATED PROJECTS

South Delta Agreements South Delta Water

In June 1986, the Department of Water Re-
Management Program

sources and the South Delta Water Agency DWR and USBR are presently preparing a
signed a Joint Powers Agreement regarding joint environmental impact document for a
interim measures to improve water level and South Delta Water Management Program
circulation problems resulting from various (SDWMP). The action was initiated under
factors, including the construction and opera- the framework agreement (October 1986)
tion of the SWP. The agreement included a among DWR, USBR, and SDWA that com-
plan for dredging the upper 5 miles of Tom mitted all three parties to work together to
Paine Slough, installing siphons into Tom develop mutually acceptable, long-term solu-
Paine Slough, developing Clifton Court Fore- tions to the water quality and water supply
bay operational criteria, and constructing a problems of water users within SDWA. The
weir in Middle River. Dredging of Tom Paine particular objectives of the SDWMP are to
Slough was completed in October 1986, and improve and maintain water levels, water cir-
the siphons were completed in March 1989. culation and water in thepatterns, quality
The Middle River weir was installed in May south Delta.
1987, and the center portion was removed at
the end of 1987. The removable Evaluation of multipurpose alternatives toSeptember
weir portion is reinstalled each irrigation sea- meet these objectives will also take into ac-

son. count broader objectives of USBR and DWR,
which are to improve water supply reliability,
the efficiency of SWP and CVP operations,

In October 1986, a framework agreement for fishery conditions, navigation, and flood pro-
settling SWDA litigation was signed by DWR, tection, and enhance recreational opportuni-
USBR, and SDWA. The agreement includedties.
(1) negotiations for a long-term plan of physi-
cal or operational solutions, (2) provisions for SDWMP represents parallel planning and en-
cost-sharing and responsibilities for the im- vironmental impact documentation to improve
plementation of the long-range plan, (3) inter- conditions in the southern portion of the Del-
im adions, namely New Melones releases, to ta. This planning and environmental docu-
help improve the south Delta water supply, ment process is not intended to alter responsi-
and (4) action to cancel the April 1987 trial bilities under the October 1986 framework
date. The trial date vacated and The includesWaS legal ac- agreement. program apublic
tion was stayed. Also, as part of the agree- review of problems, alternative solutions, im-
ment, SDWA released claims against DWR pacts, and mitigation to provide information
for water level damage caused by SWP opera-for selecting corrective action. This process
tions in the south Delta. This release will be will help bring to light the many interests and
in effect during the length of the agreement, concerns related to water resources planning
The negotiations spelled out in the frameworkin the south Delta. The program also includes
agreement are currently nearing completion, investigation of the cumulative effects of any
and are being coordinated with the SDWMP corrective action, when coupled with other fa-
environmental impact document work. cilities statewide and in the Delta. A draft
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EIR/EIS is scheduled for release during thetion, and recreation. The importance of these
spring of 1990. issues to the west Delta, and to the Delta as a

whole, has necessitated a broadened scope of
North Delta Water planning. Because of its location at the con-

Management Program fluence of the Sacramento and San Joaquin
rivers, Sherman Island is important in protect-

The North Delta Water Management Programing the reliability and the quality of Delta wa-
(NDWMP) represents parallel planning and ter, and highways and utilities. For these rea-
environmental documentation to improve con-sons, Sherman Island is the focus of the
ditions in the northern portion of the Delta. WDWMR
The study area includes channel systems south

The alternative being pursued is a wildlifeof Sacramento, north of the San Joaquin Riv-
er, east of Rio Vista, and west of Thornton. management plan for Sherman Island. This

plan, coordinated with other Delta planning,
Primary objectives of the program are to alle-has the potential to develop a number of sig-
viate flooding along the Mokelumne River, nificant benefits, such as fish and wildlife en-
reduce reverse flow in the lower San Joaquinhancement, levee improvements for flood con-
River, improve water quality, reduce fishery trol, land management to slow subsidence,
impacts, and improve water supply reliability,recreational opportunities, and better water
Secondary objectives are to improve naviga- supply management.
tion and enhance recreation.

Los Banos GrandesReservoir
The planning and environmental documenta-
tion process for the NDWMP is currently un-In 1984, DWR completed a reconnaissance
der way. Alternatives being considered in- study of potential offstream storage sites
clude increasing the hydraulic capacity of thesouth of the Delta. Such reservoirs could be
South Fork Mokelumne River as a first phase,used to store runoff pumped from the Delta
Later phases could include partial tide gateduring wet periods and delivered via the Cali-
structures in the Sacramento River, Steam- fornia Aqueduct. The subsequent report, AI-
boat Slough, and Threemile Slough and possi-ternative Plans for Offstream Storage South of
bly a new Sacramento River connecting chan-the Delta, recommended that future studies .
nel. A draft EIR/EIS is scheduled for releasefocus on the Los Banos Grandes Reservoir
during the summer of 1990. site, south of the existing San Luis Reservoir.

In 1984, the Legislature authorized the Los
West Delta Water Banos Grandes offstream reservoir, and DWR

Management Program initiated planning. The basic plan would be
an SWP water supply fac.ility; with power

The West Delta Water Management Programgenerated by reservoir releases incorporated
(WDWMP) addresses subsidence, flood con- into the SWP power resource plan. A draft
trol, water quality, water supply reliability, EIR/EIS is scheduled for release during the
wildlife habitat, highways and utilities protec-summer of 1990.
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ENVIRONMENTAL SETTING

Location with little occurring during summer. The local
rainfall is supplemented by irrigation water

This project is limited to land parcels locatedreadily available from the surrounding water-
near or next to Clifton Court Forebay--specif-ways. The growing season is long. Stockton
ically, Victoria Island, Coney Island, portionshas an average of 324 frost-flee days per year,
of Byron Tract, the remaining area of Cliftonand farmers often plant and harvest two crops
Court Tract, and possibly Union Island. during this time.

These lands are predominantly agricultural;Soils
however, a significant development exists onPeat soils composed of organic matter from
Byron Tract at Discovery Bay. State Route 4,the ancestral wetlands, and mineral-rich allu-
which follows an east-west alignment, cuts vial soils deposited by the rivers cover most of
across Byron Tract and bisects Victoria Is- the central part of the Delta. Mineral soils,
land. Western Area Power Administration derived from weathered rock and deposited
transmission lines lie diagonally across Byronon the lower slopes of the surrounding valley
Tract (NW-SE) and Union Island (SW-NE). plains, predominate on the periphery of the
The Southern Pacific Railway lies along theDelta.
southern boundaries of Byron Tract and Clif-
ton Court Tract. The original elevation of the Delta was close

to mean sea level (MSL); however, much of

Climate the Delta is now below sea level and many is-
lands are 20 feet or more below MSL. The

The climate of the Delta is mediterranean, land surface of many of the south Delta is-
with warm, dry summers and cool, moist win-lands lies below sea level, with the northern
ters. The annual average temperature is portion of Victoria Island having the lowest
about 60° E with extremes ranging from 100°surface elevation (14 feet below MSL).
F in summer (June-September) to 30° F in Higherleveesarecontinuallynecessaryto
winter (December-March). Average summer

hold back Delta waters, but the levee founda-
and winter temperatures are 75° F and 45° F,tions are made of peat soil that continuously

compacts, blows away, or oxidizes. This pro-respectively.In springandsummer,winds
from the Pacific Ocean enter the Delta cess is known as subsidence. Much of the
through the Carquinez Strait, at times reach-south Delta lands are s’ubsiding at a rate esti-
ing 50 miles per hour. This inflow of marinemated to be 1.6 to 3.0 inches per year.
air moderates what would otherwise be a hot,
dry climate. During winter, land breezes pre-Water Quality
vail, and temperatures vary from 43° F to 82°

Water conditions in the south Delta are in-F. During late fall and winter, a dense ground
fog periodically covers the Delta for several fluenced by tidal action, project and local

days at a time. pumpdiversions,agriculturalreturnflow, and
channel capacity. Water quality in the project

Average annual precipitation in the south Del-area is variable, depending on the type of wa-
ta is about 12 inches. Rainfall during fall andter year and flow conditions. Salt concentra-
winter accounts for most of this precipitation,tions are lowest during wet water years with
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high-flow conditions, and are highest duringdiverted. The 75 miles of major channels in
critical years with both high-flow and low- the southern Delta also serve as drainage and
flow conditions. Typically, salinity is highestfloodwater canals, as habitat and migratory
in July and August, regardless of the type ofroutes for fish, and as routes for recreational
year. In below-normal years, salinity may in-boating. The major waterways to the east are
crease dramatically as early as May. also used for commercial shipping.

South Delta channels are used for both deliv-Wildlife and Related Habitat
ery of irrigation water and return of local agri-
cultural drainage. Irrigation practices concen-Nearly all the land in the southern Delta is-
trate the salts of the applied water; the dispos-lands is used for irrigated agriculture. The
al of the irrigation drainage degrades the re-natural vegetation on the river banks has been
ceiving water. During the heavy irrigation modified in most places by construction and
season, drain water is recycled several timesmaintenance of levees. Habitat or cover types
when flows are insufficient to flush the chan-in the south Delta are mainly agriculture, with
nels. The water quality deteriorates seriouslysmaller areas of forest, riparian forest, ripari-
in dead-end channels such as Tom Paine an scrub-shrub, emergent freshwater marsh,
Slough and Paradise Cut, as well as in reachesand heavily-shaded riverine aquatic.
of Old River and the San Joaquin River, both
of which have limited circulation. Although most of the original wetlands have

been reclaimed, the Delta is still one of the

Land Use most significant waterfowl areas in California.
Roughly 10 per cent of the Central Valley wa-

The south Delta area contains about 148,000terfowl population winters in the Delta.
acres, of which 123,000 acres are used for agri-
culture. The remaining area consists of water-In addition to supporting waterfowl, the Delta

ways, levees, and lands devoted to residential,also supports many birds and animals, includ-

industrial, and municipal uses. ing important game and endangered species
that are associated with riparian and upland

The fully developed and productive irrigatedhabitats. The rare, threatened, and endan-
lands depend on the in-channel irrigation, forgered species that potentially occur in the
which about 450,000 acre-feet per year are south Delta area are listed in Table 1.
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Table 1
Rare, Threatened, and Endangered Species Potentially Occurring in the South Delta Project Area

Scientific ICommon Name Name Status* Distribution Habitat

PLANTS

Suisun Marsh aster Aster chilensis C2 San Pablo Bay, Suisun Marsh,Dense vegetation,
lentus western Delta stabilized substrate

Delta button celery Eryngium C2, SE San Joaquin, Stanislaus, Seasonal wetlands
(Delta coyote thistle) racemosum & Calaveras counties

thistle Cirsium crassicaule C2 Delta; Kern & Kings countiesSlough Uplandareas

Mason’s lilaeopsis Lilaeopsis masonii C2, SR Delta Mudbanks

California hibiscus Hibiscus C2 Delta & Central Valley up to Freshwater marsh
californicus Butte County

Delta rule pea Lathyrusjepsonii C2 Delta Freshwater marsh
jepsonii

ANIMALS

San Joaquin kit fox Vulpes macrotis mutica FE, ST From South San Joaquin Grasslands in north;
Valley foothills north through alkali sink in south
undeveloped valley & foothill
lands into southern Contra
Costa County

California black rail Laterallusjamaicensis C2, ST Coast from Marin County to Fresh and salt water
coturniculus north Mexico; inland marshes marshes

Tricolored blackbird Agelaius tricolor C2 Central Valley & Sierra Marshes, flooded
Nevada foothills lands, margins of

ponds, grassyfields

Swainson’s hawk Buteo swainsoni ST Lower Sacramento and San Grasslands, irrigated
Joaquin valleys; Klamath Basin; pastures, and open
Siskiyou County. Winters in fields near trees
South America for nesting

Giant garter snake Thamnophis couchi gigas C2, ST Fresno County north through Freshwater marsh,
the Central Valley; east Delta riparian areas, rice

fields, canals

Western pond turtle Clemmys marmorata C2 Throughout California west Ponds and waterways
of Cascade-Sierra crest lined with emergent

vegetation

(Continued on next page)
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Table 1 (continued)
Rare, Threatened, and Endangered Species Potentially Occurring in the South Delta Project Area

Scientific
Common Name Name Status* Distribution Habitat

ANIMALS (continued)

California tiger Ambystoma tigrinum C2 Sonoma to Santa Barbara Reservoirs, ponds,
salamander californiense counties pooles, lakes, and

slow-flowing streams
in grasslands and
open woodlands

California red-legged Rana aurora draytoni C2 Coast, Transverse, Cascade, Quiet, permanent
frog and Sierra Nevada ranges water in woods,

forest clearings,
riparian areas,
grasslands

Valley elderberry Desmocerus californicus FT Lower Sacramento Valley Elderberry bushes in
longhorn beetle dimorphus north to Red Bluff riparian areas

Sacramento anthicid Anthicus sacramento C2 Yolo, Solano, Butte, & Sand dunes near
beetle Sacramento counties rivers

Curved-footed hygrotus Hygrotus cur~ipes C2 Contra Costa County Shallow ponds
diving beetle

Delta smelt Hypomesus transpacificus C1, SC Suisun & San Pablo Bays in Salinities usually
early fall; spawns in channels less than 2 parts
& deadend sloughs, per thousand
December through April

Sacramento splittail Pogonichthys (C2) Suisun Bay from February- Slower currents;
macrolepidotus April; spawns in upstream tolerates brackish

deadend sloughs Jan-July water

Sacramento perch Archoplites interruptus (C2) Sacramento-San Joaquin Needs beds of rooted
Delta; Russian River; & emergent aquatic
scattered lakes & vegetation; tolerates
reservoirs alkaline water

Chinook salmon Oncorhynchus F-I;, SE Sacramento River system Cool fresh water with
(winter-run) tshawytscha access to ocean

*Status: FT = federal threatened; FIE = federal endangered; C1 = federal candidate with sufficient data
to support federal listing; C2 = federal candidate currently without sufficient data to support federal
listing; ST = State threatened; SE = State endangered; SR = State rare; SC = State candidate for
protected status; (C2) = Currently being recommended by the Sacramento Endangered Species Office
that the species be proposed as a C2.
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ENVIRONMENTAL IMPACTS

There would not be any project impacts, nor would this project have any adverse environmental effects.
Negotiations for acquiring land parcels adjacent to Clifton Court Forebay will be with willing sellers
only. These lands are zoned for agriculture. Acquistion of land parcels will not affect land use and are
not irreversible. Existing habitats will be unaffected by the acquistion of the land. All required
SDWMP environmental clearance will be obtained prior to development of any of the purchased land.
Acquired lands that are not developed immediately could be leased, or sold, for continued agricultural
use, or used as mitigation areas for future projects.

Table 2. Summary of Environmental Impacts

Yes Maybe No

1. Earth. Will the proposal result in:

a. Unstable earth conditions or changes in geologic substructures? X

b. Disruptions, displacements, compaction or overcovering of the soil? X

c. Change in topography or ground surface relief features? X

d. The destruction, covering or modification of any unique geologic
or physical features? ~ X

e. Any increase in wind or water erosion of soils, either on or off
the site?                                                                       X

f. Changes in deposition or erosion of beach sands, or changes in
siltation, deposition or erosion which may modify the channel of
a fiver or stream or the bed of the ocean or any bay, inlet or lake?                           X

g. Exposure of people or property to geologic hazards such
as earthquakes, landslides, mudslides, ground failure,
or similar hazards? X

2. Air. Will the proposal result in:

a. Substantial air emissions or deterioration of ambient air quality? X

b. The creation of objectionable odors? X

c. Alteration of air movement, moisture, or temperature,
or any change in climate, either locally or regionally? X

3. Water. Will the proposal result in:
a. Changes in currents, or the course or direction of water

movements, in either marine or fresh waters? X
b. Changes in absorption rates, drainage patterns, or the

rate and amount of surface runoff? X

c. Alterations to the course or flow of flood waters? X

d. Change in the amount of surface water in any water body? X
e. Discharge into surface waters, or in any alteration of

surface water quality, including but not limited to
temperature, dissolved oxygen or turbidity?                                                X
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Table 2. Summary of Environmental Impacts (continued)

Yes    Maybe

3. Water (continued)

f. Alteration of the direction or rate of flow of ground water? ~
g. Change in the quantity of ground waters, either through

direct additions or withdrawals, or through interception of
an aquifer by cuts or excavations?                                     ~

h. Substantial reduction in the amount of water otherwise
available for public water supplies?

i. Exposure of people or property to water related hazards
such as flooding or tidal waves?

4. Plant Life. Will the proposal result in:
a. Change in the diversity of species, or number of any

species of plants (including trees, shrubs, grass, crops,
and aquatic plants)?

b. Reduction of the numbers of any unique, rare or
endangered species of plants?

c. Introduction of new species of plants into an area, or in
a barrier to the normal replenishment of existing species?

d. Reduction in acreage of any agricultural crop?                                     X

5. Animal Life. Will the proposal result in:
a. Change in the diversity of species, or numbers of any

species of animals (birds, land animals including reptiles,
fish and shellfish, benthic organisms or insects)?

b. Reduction of the numbers of any unique, rare or
endangered species of animals?

c. Introduction of new species of animals into an area, or
result in a barrier to migration or movement of animals?

d. Deterioration to existing fish or wildlife habitat?
6. Noise. Will the proposal result in:

a. Increases in existing noise levels?

b. Exposure of people to severe noise levels?

7. Light and Glare. Will the proposal produce new light or glare?

8. Land Use. Will the proposal result in a substantial alteration
of the present or planned land use of an area? .._:_.._ X

9. Natural Resources. Will the proposal result in:

a. Increase in the rate of use of any natural resources?                     ~

b. Substantial depletion of any nonrenewable natural resource?
10. Risk of Upset. Will the proposal involve:

a. A risk of an explosion or the release of hazardous substances
(including, but not limited to, oil, pesticides, chemicals or
radiation) in the event of an accident or upset conditions?

b. Possible interference with an emergency response plan
or an emergency evacuation plan?
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Summary of Environmental Impacts (continued)Table2.

Yes Maybe No

11. Population. Will the proposal alter the location, distribution,
density, or growth rate of the human population of an area? X

12. Housing. Will the proposal affect existing housing, or create
a demand for additional housing?                                                            X

13. Transpor/ation/Circulation. Will the proposal result in:

a. Generation of substantial additional vehicular movement?                                    X
b.. Effects on existing parking facilities, or demand for new

parking? X

c. Substantial impact upon existing transportation systems? X
d. Alterations to present patterns of circulation or movement

of people and/or goods? X

e. Alterations to waterborne, rail or air traffic? X
f. Increase in traffic hazards to motor vehicles, bicyclists or

pedestrians? X
14. Public Services. Will the proposal have an effect upon, or

result in a need for new or altered governmental services in
any of the following areas: X

a. Fire protection? X

b. Police protection? X

c. Schools? X

d. Parks or other recreational facilities? X

e. Maintenance of public facilities, including roads? X

f. Other governmental services? X
15. Energy. Will the proposal result in:

a. Use of substantial amounts of fuel or energy? X
b. Substantial increase in demand upon existing sources of

energy, or require development of new sources of energy? X
16. Utilities. Will the proposal result in a need for new systems,

or substantial alterations to the following utilities?

a. Power or natural gas? X

b. Communications systems? X

c. Water? X

d. Sewer or septic tanks? X

e. Storm water drainage? X
f. Solid waste and disposal? X

17. Human Health. Will the proposal result in:

a. Creation of any health hazard or potential health hazard
(excluding mental health)? X

b. Exposure of people to potential health hazards? X
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Table 2. Summary of Environmental Impacts (continued)

Yes Maybe No

18. Aesthetics. Will the proposal result in the obstruction of any
scenic vista or view open to the public, or will the proposal
result in the creation of an aesthetically offensive site open
to public view? X

19. Recreation. Will the proposal result in an impact upon the
quality or quantity of existing recreational opportunities? X

20. Cultural Resources.

a. Will the proposal result in the alteration of or the destruction
of a prehistoric or historic archaeological site? X

b. Will the proposal result in adverse physical or aesthetic effects
to a prehistoric or historic building, structure or object?                                      X

c. Does the proposal have the potential to cause a physical change
which would affect unique ethnic cultural values?                                           X

d. Will the proposal restrict existing religious or sacred uses within
the potential impact area?                                                               X

21. Mandatory Findings of Significance.
a. Does the project have the potential to degrade the quality of the

environment, substantially reduce the habitat of a fish or wildlife
species, cause a fish or wildlife population to drop below self-sus-
taining levels, threaten to eliminate a plant or animal community,
reduce the number or restrict the range of a rare or endangered
plant or animal or eliminate important examples of the major
periods of California history or prehistory? X

b. Does the project have the potential to achiev short-term, to the
disadvantage of long-term, environmental goals? (A short-term
impact on the environment is one which occurs in a relatively
brief, definitive period of time, while long-term impacts will
endure well into the future.)                                                                X.

c. Does the project have impacts which are individually limited,
but cumulatively considerable? (A project may impact on
two or more separate resources where the impact on each
resource is relatively small, but where the effect of the total
of those impacts on the environment is significant.)                                          X

d. Does the project have environmental effects which will cause
substantial adverse effects on human beings, either directly
or indirectly?                                                                          X

Explanation of Environmental Impacts
Item 4d. Arrangements will be made to maintain current land use of acquired parcels until after the
SDWMP environmentaldocumentis complete and final site selection for the Clifton Court Forebay
pansion and mitigation is implemented. This could be accomplished through the use of lease back
agreements with current landowners or other willing tenants.

Item 8. See Item 4d.
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CONCLUSION AND RECOMMENDATIONS

This project will have no significant adverse effect on the environment.

It is recommended that a Negative Declaration be prepared and processed in accordance with the
California Environmental Quality Act and State Guidelines.

Prepared by:

~hillip BI ~utan    - David R. Brown
Assistant Engineer, Water Resources Environmental Specialist IV

REC()MMEND APPROVAL:

P. Winkler, Chief
Delta Planning Branch

Date /-/- (,..- ~ C
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APPENDIX E
MEASURING ECONOMIC BENEFITS OF THE SDWMP

SUMMARY

Water supply and demand reduction alternatives ex-̄ purchasing water to augment normal sources of
amined in Appendix E are considered ordinary and, in supply;
part represent the actions that would be needed to
cover potential shortfalls in dependable supplies̄ instituting extraordinary water conservation

listed in DWR Bulletin 160-87, California Water: measures; and
Looking to the Future, November 1987.

¯ rationing.

The analysis presented in Appendix E, and discussedLong-term options considered ~clude:
briefly in Chapter 3, is presented by region, including
the South Coast Region, South Lahontan Region,̄ waste water reclamation;
Colorado River Region, San Francisco Bay Region,
and Central Coastal Region. ¯ desalination of brackish drainage and ground wa-

ter;
Local water management program options were di-
vided into three categories: ¯ desalination of sea water; and

¯ development of water by importation.
¯ shortage contingency demand management and

supply enhancement options; Another long-term management strategy evaluated
in this analysis is the explicit evaluation of risk with

¯ long-term demand management and supply en-regard to the optimal level of use of long-term man-
hancement options; and agement options.

Economic benefits of the proposed South Delta Wa-
¯ risk management.

ter Management Program were determined by using
Shortage management contingency options are mea-the Economic Risk Model directly for the South
sures inplemented during shortages only and are in-Coast and State WaterRegion Project agricultural
tended to minimize the impacts of those shortages,contractors in Kings and Kern counties. This is ac-
Such measures include: complished by using:

¯ use of banked local ground water; ¯ the model results indirectly for the Central Coast
Region, and

¯ use of local carry-over storage;
¯ current water costs to estimate willingness to pay

¯ reductionofwaterdeliveriestointerruptiblepro- for water in the San Francisco Bay and Sacra-
grams; mento regions.
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APPENDIX F
SOUTH DELTA WATER MANAGEMENT PROJECT

BIOLOGICAL AS SES SMENT SUMMARY

A biological assessment was completed by ECOS,The proposed actions have the potential to signifi-
Inc., to evaluate potential impacts of the South Deltacantly affect several special status species. The fresh
Water Management Program on threatened, endan-water marshes and swamps on instream islands and
gered, and candidate species. Two draft reports werebanks of project area waterways support:
prepared. They are South Delta Water Management
Project Biological Assessment, October 1987, and Bio- ¯ Mason’s lilaeopsis (federal candidate 2, state
logical Data Report for the Expanded Clifton Court rare),
Forebay, January 1989.

¯ California hibiscus (federal candidate 2),
The proposed actions evaluated in this biological
assessment include the following: ¯ Delta tule pea (federal candidate 2),

¯ channel enlargement and dredging of Old River̄ snakes candidategiantgarter (federal 2, state
from Salmon Slough to San Jose Road, threatened), and

¯ channel enlargement and dredging of Middle¯ western pond turtles (federal candidate 2).
River from the Mokelumne Aqueduct to High-
way 4, Swainson’s hawks (federal candidate 2, state threat-

¯ dredging of Victoria and North Victoria canals, ened) nest along Old River, and also might be af-
fected by the proposed project. Mitigation measures

¯ construction of barrier-type facilities on Old Riv- that will reduce impacts to these special status species
er and Grant Line Canal near the Contra Costa to less-than-significant levels are discussed in the
County border, and species accounts.

¯ the expansion of Clifton Court Forebay into the The results of this assessment are summarized in
surrounding islands. Table 4-1 of Chapter 4 of the EIR/EIS.
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APPENDIX G

DIRECT FISH IMPACT ANALYSIS

INTRODUCTION

DWR and DFG jointly developed the striped bass andTile Loss Model Program
salmon loss model (loss model) as a tool for calculating di-
rect fishery losses as a function of monthly pumping ratesThe loss model is a menu-driven program. The model
at the State Water Project (SWP). For this model, loss iscalculates the following information for striped bass, chi-
defined as those losses which occur from the time fish arenook salmon, and steelhead trout over 20 millimeters
drawn into Clifton Court Forebay until the survivors are (ram) long:
returned the Delta. This is derived fromto program a

model originally developed by Alan Baracco of the Cali-¯ the number of fish entering Clifton Court Forebay;

fornia Department of Fish and Game (DFG) in 1984.¯ the number of fish encountering the louvers;
Barry Collins (DFG) further refined this concept and de-
scribed it in the ’~Agreement Between The Department ¯ the screening efficiency factor for fish greater than 21
Of Water Resources And The Department of Fish and mm long;
Game To Offset Direct Fishery Losses To The Harvey O.
Banks Delta Pumping Plant" (also known as "The Two¯ the number of fish released back into the Delta;
Agency Fish or 4-Pumps Mitigation Agreement").

¯ the number of fish directly lost as a result of SWP op-
erations;

As used in the Two Agency Agreement, the model calcu- ¯ the number of fish lost if they had survived to reach
lated the direct losses of striped bass, chinook salmon, and one year of age, or a predetermined length (Yearling
steelhead due to SWP pumping through the Banks Pump- Equivalent Factor (YEF); and
ing Plant. For further details, background, and a listing of
the striped bass and salmon survival factors used in this̄ the optimum velocity and the number of bays to be
and the above models see "Estimates of Fish Entrainment used that allows for maximum fish salvage efficiency.
Losses Associated with the State Water Project and Fed-
eral Central Valley Project Facilities in the South Delta"The striped bass eggs and the larvae under 20 mm long are

(DFG Exhibit 17 and DWR Exhibit 560 submitted to theconsiderednonsalvagable;therefore,theyarecountedas

SWRCB in Phase I of the Bay/Delta Hearing).             100 percent direct loss. The numbers lost are based on an
egg- and larvae-sampling program conducted outside the
Clifton Court Forebay intake.

The Department of Water Resources has modified theBoth the input and output files require that the monthly
model to allow user defined values for various parametersdata be divided into halves. The first half of the month
to be easily entered to calculate direct losses under vari-corresponds to the first through the 15th day. The second
ous conditions. The model was also put into a machinehalf of the month is from the 16th to the end of that
language (Pascal) to increase computational efficiency, month.
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Tile Input File totals divided into halves. DWR and DFG designed
the fish salvage sampling process to provide an esti-

The input file must be a fixed-field ascii file, with at least mate of total fish salvaged for the day with an accura-
two blank columns between fields of data (Table I). Once cy of 80% 4- 50% if the daily total exceeds 10,000, and
executed, the program lists all input data in the output of 80% 4- 100% if the daily total is less than 10,000
file. In the following explanation of the input data, the fish. (Anadromous Fisheries Branch Administrative
nunabers correspond to those in the column heads in Report No. 81-6, 1981). The screening cfficiencies
’lid~le I (pages406-407). regression equations developed to estimate the

monthly fish salvage have not been adjusted to ac-
1. YEAR: The year of record for the monthly salvage at count for modifications to the facility in 1984.

the Skinner Facility.
7-12. EGGS AND LARVAE: The number of striped bass

2. MO: The month of record for the fish salvage, eggs and the number of larvae lost (3-ram incremen-
tal length classes ranging from 3 to 20 ram);

3. H: The monthly fish salvage data must be divided into
halves. H indicates the half of the month for which Since 1985, during the striped bass spawning period
the data on that line is calculated. (May-July), DWR and DFG have been monitoring

the striped bass eggs and larvae densities in the vicin-
4. SWP Rate: The SWP’s average rate of pumping for ity of the intake to Clifton Court Forebay. Based on

the month. The program will accept either pumping the assumption that water drawn into the forebay
rate (cfs) or volume pumped (acre-feet per month) contains the same mean densities of eggs and larvae
and, regardless of input, will compute and list both in as the water outside the forcbay, these data are the
the output file. This value is calculated by averaging basis for the entrainment values for this size group.
the daily mean pumping rates at the Bank’s pumping The egg and larvae entrainment data entered into the
plant. In the example file, average monthly pumping input file to calculate 1979 through 1987 losses arc the
rates are input; it is assumed that the first and second average of the actual field data collected in the 1985
monthly halves arc similar. The loss calculations can and 1986 surveys. Work is underway to incorporate
be refined by entering the actual average pumping the 1987 and 1988 data into the average.
rate for the half-month interval rather than assuming
equal rates (the mean pumping rate for the month) All eggs and larvae drawn into the forebay are as-
for both halves of the the month, sumed lost. The loss model converts this loss into

yearling equivalents in the same manner as for
Since Clifton Court Forebay came on line in 1971, ex- striped bass larger than 20 mm. The loss model lists
ports have been taken from this forebay and not di- the number of yearling equivalent striped bass under
rcctly from Delta channels. The SWP rate must origi- 20 mm lost under column 27 of the output file (Table
hate from the Bank’s pumping plant rate and should II). This number is added to the total striped bass
not be confused with inflow into Clifton Court yearling equivalent loss in column 28 of the output
Forcbay. The forcbay inflow is needed to estimate the file.
number of eggs and larvae entrained.

13. LENC AND 15. LENSH: The monthly average length
5. LEN: Average monthly length of fish. The screening of chinook salmon (column 13) and stcelhead-trout

cl’ficiency depends on the length of fish. An ovcrcsti- (column 15) (see discussion on lengths above).
mation in length would result in 1) an overestimate of
the number of fish entering Clifton Court Forebay, 14. SALVCS AND 16. SALVSH." The bimonthly salvage
the number encountering the screens, the number totals for chinook salmon (column 14) and steelhcad-
salvaged, the number released alive, and the screen- trout (column 16).
ing efficiencies; and 2) an underestimate of the num-
ber lost through the screens, and mortalities fromThe Output File
predation, trucking, and handling.

Output data for striped bass exceeding 21 mm long follow.
6. SALV: The bimonthly total of fish salvaged at the In this explanation ,,f the output file, the numbers corrc-

Skinner Facility. These values are monthly salvagespond to those in "lhblc II (pages 408-411).
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!
1. YEAR: The year of record that the loss model used to        cies, it was not true for salmon. However, the differ-

estimate the fish losses, ences in efficiency are believed to be minimal. Nei-
ther effects of the the joint operations baysof these

2. MO: The month in which the fish salvage occurred, nor installation of the center wall are addressed in the
model or in any adjustment of the data. The loss mod-

I 3. H: Which half of the monthly data the model used. el establishes the optimum bay’s selection solely on
cross-sectional area needed to maintain the optimum

4. SWP VOL: The volume of water pumped during that approach velocity towards the fish screens.
half of the month; the volume is for the number of

I daysineachportionofthemonth, so the first and sec-8. SFF VEL: The water velocity flowing through the
ond half volumes may vary. bays. SFFVEL is not the actual channel velocity, it is

I a value calculated by the model using the SWP’s
5. SWP RATE: The SWP’s monthly rate of pumping, monthly average pumping rate and dividing it by the

optimum channel width (numbers of bays times the
6. OPT VOL: The optimum velocityis the optimum ap-

cross-sectional area of each bay) for that pumpingI proach velocity required for maximum fish salvage ef- The SFF VEL is calculated which israte. a velocity,
ficiencY. Approach velocity is defined as the mean ve- the closest thc Skinner Facility could get to the opti-locity of the water in the channel approaching the fish mum velocity with the given operating criteria.

I screens. At the given pumping rate, the model deter-
mines the operation of the bays that will result in ve-9. LENG SB: Average monthly length of striped bass.
locity closest to the optimum velocity possible. From The loss model obtains this data from the input file

i November 1 through May 15, the loss model attempts and list it in the output file. See discussion of this fac-
to achieve 3.25 ft/s (optimum for salmon smolts) and tot under the input data.
from May 16 through October 31, the model attempts
to achieve 1.00 ft/s when small striped bass are abun-10. EFF SB: The screening efficiency factor for striped
dant the intakes,                                    bass. The this value to estimate thenear program uses

number of fish that encounter the salvage screens
7. OPT BAYS: The optimum bays to be used for maxi- (column 12). The loss model bases the screening effi-

I mum fish salvage efficiency at the given pumping ciency factor on both the length of the fish salvaged,
rate. These bays regulate the water approach velocity and the water velocity through the screens using re-
needed to maximize the fish screen efficiency. As gressions. Boracco (DFG)developed these equations

I pumping increases, additional bays become opera- from data collected during field tests performed in
tional. Asyou face the Banks Pumping Plant, the bays 1973. These regressions do not reflect the modifica-
are numbered from left to right, tions to the Skinner Facility completed in 1984.

I Monthly fish salvage totals since 1984 suggest that the
Since construction in 1968, bays i and 2 have been di- screening efficiencies have increased. If true, the loss
vided by a center wall and could operate indepen- model underestimgtes these efficiencies.
dently of each other. Bays 3 and 4, each of which are

I of bays a cen- Screening efficiencies are important in estimating theequalinsizetothetotal 1and2, lacked
ter wall. After 1982, the center wall was added, and number of fish salvaged. The fish salvage is used to
each half of the bay was renamed. Bay 3 was renamed calculate all other parameters used to determine the

I bays 3a and 3b, and bay 4 was renamed bays 4a and 4b. direct fish losses. Underestimations of screening effi-
Bay 5, which is the same size as bay 1, remained the ciencies leads to: 1) underestimates in both the fish
same. salvaged and the number released alive; and 2) over-

I estimates in the number of fish and yearling equiva-
Prior to installation of the center walls, both screens lents lost, the number of fish encountering the
in each bay had to be operated in conjunction with screens, the number of fish entering the forebay, and

i one another since there was no way to alter the ap- the number of fish lost by predation, trucking and
proach velocity in front of one screen and not affect hauling.
the approach velocity of the facing screen in the same

i bay. DFG found that although the bays possessing11. SALV SB: The listing of the striped bass’s monthly
the center wall are more efficient for most fish spe- salvage from the input file. (See Input File # 6.)

419

C--041 656
(3-041656



12. ENCOUNT SCREENS: The number of striped bass 18. LOSS SB: The number of striped bass directly lost
estimated to have encountered the salvage screens, due to SWP operations. The loss model computes this
The loss model computes the number of fish encoun- as the number of bass entering the forebay subtracted
tering the screens as the number of fish salvaged, di- by the number of bass released alive. The loss model
vided by the screening efficiency., uses this value to estimate the number of yearling

equivalents lost.
!3. MORT PRED: The mortality factor due to predation

(P). All losses occurring in Clifton Court Forebay are 19. YEF SB: The yearling equivalent factor for striped
attributed to predation. This value is: 1-P = number bass. The program reads this factor from a data file
of fish encountering the screens divided by the hum- (YEFSB.DAT) into an array, then determines the ap-
ber of fish entrained into the forebay, propriate value based on the month (first or second

hal0, and the average length. The data base available
The predation factor used to calculate the number of for the striped bass is semimonthly whereas the chi-
fish enteringtheforebay(column 14). The model per- nook and steelhead data are available only on a
mits the user to change’the predation rate prior to monthly basis. The program lists the factor used to
program execution, compute the yearling equivalent loss in this column.

The model assumes that the yearling equivalent fac-
The loss model reads all mortality rates (predation, tor for salmon and steelhead is identical (columns 39
trucking, and handling) from a data file (MORT. DAT) and 50).
into a matrix, then determines the mortality based on
the average monthly fish lengths. 20. LOSSYE SBGE21: The loss of yearling equivalent

stripedbass greater than 20 mm long. The model
14. ENTERCCF SB: ~Hae number of striped bass enter- computes this sum as the system loss (column 18)

ing (entrained) Clifton Court Forebay. All fish enter- multiplied by the yearling equivalent factor (column
ing the forebay are considered entrained. The loss 19).
model estimates the number of fish entrained by di-.
viding the number of fish encountering the screens. Eggs and Larvae

15. MORT HAND: The percentage offish that die due to
handling during the salvage process. Aswith the mor-21-26. EGGS, AND LARVAE LENGTH CLASSES:

tality due to predation, the program allows the user The number of striped bass eggs and larvae in each of
theincremented3-mmlengthclasses.Themodelob-to change these values prior to execution. The pro-

gram list these mortality rates that it uses to estimate tains these values from the input file and lists them in

the number of fish released alive into the Delta. the output. Since all eggs and larvae entrained are as-
sumed lost, the program directly converts these losses

16. MORT TRUCK: The percentage of fish that die from into yearling equivalents (column 27) in the same

being trucked back to the Delta. manner as bass larger than 20 mm discussed above.

17. ALIVE SB: The number of fish released alive back 27. LOSSYE SBLT21:The loss of yearling equivalent bass
into the Delta. The loss model multiplies the number less than 21 mm !ong. The model estimates this value
of fish in the monthly salvage by the survival factors as the number of eggs and’larvae entrained (columns
related to the handling and trucking process. 21-16) multiplied by the appropriate yearling equiva-

lent factor.
The number of fish released alive does not address
the possibility that some fish released alive may die The Total Yearling Equivalent Loss
soon afterwards from the stress of the entrainment
process. These stresses include predation, tempera-28. LOSS YESB: The total yearling equivalent loss of
ture extremes, and disorientation upon release. The striped bass. The model estimates this value as the
entrainment stresses may also weaken fish and de- sum of the yearling equivalent loss of striped bass un-
crease their resistance to natural stresses that they der 21 mm, plus those yearling equivalents over 21
normally would have survived, mm.
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Chinook Salmon and Steelhead Output 33. PRED CS: The mortality factor due to predation for
both salmon and steelhead. (See MORT PRED, #13

The loss model computes the output for chinook salmon above.)
and steelhead in the same manner as the striped bass. The
loss model assumes that the screening efficiency, the mor-34 and 46. ENTER CCF: The estimated number of salm-
talities (predation, trucking, and handling), and the year- on and steelhead trout (column 46) entering Clifton
ling equivalent factors for salmon and steelhead are iden- Court Forebay. (See ENTERCCF SB,//14, above.)
tical. For details of the output, see the appropriate
column for striped bass above. 35. MORT HAND and 36 MORT TRUCK: The mortality

factor due to handling (column 35) and trucking (col-
29. LENG CS and 41. LENG SH: The average monthly umn 36) for salmon and steelhead. (See MORT

length of chinook salmon (column 29) and steelhead HAND, #15, and MORT TRUCK,//16, above).
trout (column 41).

37. ALIVE CS and 49. ALIVE SH: The number of salm-
30. EFF CS: The screening efficiency of chinook salmon on (column 37) and steelhead (column 49) released

and steelhead trout. Du~ng the first half of May, the alive. (See ALIVE SB,//17 above).
optimum velocity is set at 3.5 ft/s for chinook salmon.
In the second half of May the optimum velocity is 38. LOSS CS and 5.0 LOSS SH: The estimated total loss
dropped to 1 ft/s for striped bass. This is reflected in for salmon (column 38) and steelhead (column 50).
the mid-month change in salmon (See LOSS SB, #18 above.)yearlingequivalent
tosses in May. (See EFF SB, #10 above. ).

39. YEF CS and 51. YEF SH: The yearling equivalent
31. SALV CS and 43. SALV SH: The monthly salvage for loss factor used to calculate yearling equivalent losses

salmon (column 31) and steelhead (column 43) for for both steelhead and salmon. This data is available
that half of the month (see striped bass salvage--co- only on a monthly basis for chinook salmon and steel-
lumn 11 above.) head. (See YEF SB, #19 above.)

32 and 44. ENCOUT SCREEN: The estimated number40. LOSSYE CS and 52. LOSSYE SH: The yearling
of salmon (column 32) and steelhead (column 44) en- equivalent losses for salmon (column 40) and steel-
countering the salvage screens. (See ENTERCCFSB, head (column 52). See LOSSYE SBGE 21, //28
#14, above.) above.)

I
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TABLE I. Illustration of the data columns in the loss model input file.

(I) (2) (3) (4)      (5)      (6)        (7)           (8)            (9)

YEAR MO HA SWPRate    LENSB SALVSB         EGGSSB        3ot6mmSB       7tol0mmSB

1979 1 1     1313.       87.    17234.              0.               0.               0.
1979 1 2     1313.       87.    17234.              0.               0.               0.
1979 2 1     1626.       85.     4059.              0.               0.               0.
1979 2 2     1626.       85.     4059.              0.               0.               0.
1979 3 1     2333.       93.      304.              0.               0.               0.
1979 3 2     2333.       93.      304.              0.               0.               0.
1979 4 1     2645.      139.      298.              0.               0.               0.
1979 4 2     2645.      139.      298.       1696674.       19231000.        2144614.
1979 5 1     3000.       82.     6283.      37840000.       37015000.        7495317.
1979 5 2     3000        82      6283        4861228        76667000.        4153197.
1979 6 1       3001.          29.    432355.            427201.          22036000.            7500488.
1979 6 2    3001.       29. 432355.              0.       11587000.        7570838.
1979 7 1    4593.       42. 571865.              0.         613418.         693817.
1979 7 2    4593.       42. 571865.              0.               0.               0.
1979 8 1    5635.       65. 161376.              0.               0.               0.
1979 8 2    5635.       65. 161376.              0.               0.               0.
1979 9 1    4666.      102.     5465.              0.               0.               0.
1979 9 2    4666.      102.     5465.              0.               0.               0.
1979 10 1    3634.       89. 23732.              0.               0.               0.
1979 i0 2    3634.       89. 23732.             0.               0.               0.
1979 ii 1    4735.       93.    60051.              0.               ~.               0.
1979 ii 2    4735.       93.    60051.              0.               0.               0.
1979 12 1    5859.      102.    73383.              0.               0.               0.
1979 12 2    5859.      102. 73383.              0.               0.               0.



(TABLE I continued)

(i0)           (ll)           (12)        (13)     (14)     (15)     (16)

lltol4mmSB    15tol8mmSB     19to20mmSB LENCS SALVCS LENSH SALVSH

0. 0.                                    0.              190.           1199.              347. ’                 8.
0. 0.                        0.         190.        1199.      ~ 347.             8..
0. 0.                        0.         194.          593.          285.           12.
0. 0.                        0.         194.          593.          285.           12.
0. 0.                   0.       185.      1151.       395.       226.
0. 0.                   0.       185.      1151.       395.       226.
0. 0.               0.      122. 14496.      384.      505.
0. 0.               0.      122. 14496.      384.      505.
O. O.               O.       93. 29894.      364.      485.

479746.              0.              0~      93. 29894.      364.     485.
1919741.          347552.                0.       92.     4768.         0.         0.
1025524.               0.               0.       92.     4768.        0.        0.

950834.          94153.         176826.       70.     2823.        O.        O.
0.               0.               0.       70.     2823.        0.        0.
O.            O.            O.     102.     180.       O.       O.
0.                  0.                   0.       102.       180.          0.          0.
0.                                   0.                                    0.              126.                 35.                    0.                   0.
0.                                   0.                                    0.              126.                 35.                    0.                    0.
0.                                   0.                                    0.              183.              759.                    0.                    0.
0.                                   0.                                    0.              183.              759.                    0.                    0.
0.                                   0.                                    0.              154.           2696.              474.                 i0.
0.                                   0.                                    0.              154.           2696.              474.                 i0.
0.                  0.                   0.       161.      2625.          0.         12.
0.                  0.                  0.       161.      2625.          0.         12.



TABLE II. Description of data columns in the loss model output file.

(I) (2) (3) (4) (5) (6) (7) (8) (9) (i0) (ii)     (12) (13) (14) (15) (16) (17)

YEAR MO H SW]? SW~ OPT OPT SFF LENG EFF SALV ENCOLTNT MORT ENTERCCF MORT MORT ALIVE
YOn RATE VEL BAYS VEL SB SB SB SCREENS PRED SB HAND TRUCK SB

1979 1 1 39065 1313 3.25 1 3.13 87 0.72 17234 23908 0.29 33673 0.06 0.03 15714
1979 1 2 41669 1313 3.25 1 3.13 87 0.72 17234 23908 0.29 33673 0.06 0.03 15714
1979 2 1 48378 1626 3.25 1 3.87 85 0.67 4059 6082 0.29 8566 0.06 0.03 3701
1979 2 2 41927 1626 3.25 1 3.87 85 0.67 4059 6082 0.29 8566 0.06 0.03 3701

1979 3 1 69413 2333 3.25 12 2.78 93 0.75 304 408 0.23 529 0.01 0.00 301

1979 3 2 74040 2333 3.25 12 2.78 93 0.75 304 408 0.23 529 0.01 0.00 301
1979 4 1 78695 2645 3.25 12 3 15 139 0.72 298 414 0.06 441 0.00 0.00 298

1979 4 2 78695 2645 3.25 12 3 15 139 0.72 298 414 0.06 441 0.00 0.00 298

1979 5 1 89257 3000 3.25 3 3 49 82 0.69 6283 9042 0.29 12735 0.06 0.03 5729
1979 5 2 95208 3000 1.00 12345 1 01 82 0.87 6283 7199 0.29 10139 0.06 0.03 5729
1979 6 1 89287 3001 1.00 12345 1 01 29 0.78 432355 550806 0.83 3240034 0.35 0.31 193911
1979 6 2 89287 3001 1.00 12345 101 29 0.78 432355 550806 0.83 3240034 0.35 0.31 193911

1979 7 i 136653 4593 1.00 12345 i 54 42 0.83 571865 685286 0.60 1713216 0.26 0.23 325849

1979 7 2 145763 4593 1.00 12345 1 54 42 0.83 571865 685286 0.60 1713216 0.26 0.23 325849

1979 8 1 167655 5635 1.00 12345 1 89 65 0.81 161376 199372 0.42 343746 0.16 0.13 117934
1979 8 2 178832 5635 1.00 12345 i 89 65 0.81 161376 199372 0.42 343746 0.16 0.13 117934
1979 9 I 138825 4666 1.00 12345 I 57 102 0.83 5465 6563 0.18 8003 0.00 0.00 5465
1979 9 2 138825 4666 1.00 12345 i 57 102 0.83 5465 6563 0.18 ~o" 8003 0.00 0.00 5465
1979 I0 1 108121 3634 1.00 12345 1 22 89 0.86 23732 27674 0.29 "- 38977 0.06 0.03 21639
1979 i0 2 115329 3634 1.00 12345 i 22 89 0.86 23732 27674 0.29 38977 0.06 0.03 21639
1979 Ii 1 140878 4735 3.25 13 3 70 93 0.68 60051 88341 0.23 114728 0.01 0.00 59450
1979 ii 2 140878 4735 3.25 13 3 70 93 0.68 60051 88341 0.23 114728 0.01 0.00 59450
1979 12 i 174320 5859 3.25 34 3 41 102 0.70 73383 104719 0.18 127706 0.00 0.00 73383
1979 12 2 185941 5859 3.25 34 3 41 102 0.70 73383 104719 0.18 127706 0.00 0.00 73383



(TABLE II continued)

(18) (19)     (20)    (21)     (22)     (23)     (24)     (25)     (26) (27)     (28)

LOSS         YEF    LOSSYE         EGGS            SB            SB            SB            SB          , SB LOSSYE         LOSS
SB           SB    SBGE21                          3-6         7-10        11-14        15-18        19-20 SBLT21         YESB

17959 0.63694     11439           0            0           0           0            0           0       0       11439
17959 0.69581     12496           0            0           0           0            0           0       0       12496

4865 0.77718      3781            0            0           0           0            0           0       0        3781
4865 0.88158      4289           0           0           0           0           0           0       0       4289

228 1.00000       228           0           0           0           0           0           0       0         228
228 1.00000       228          0          0          0          0          0          0      0        228
143 1.00000       143          0          0          0          0          0          0      0        143
143 1.00000       143 1696674 19231000 2144614          0          0          0 3189       3332

7006 1.00000     7006 37840000 37015000 7495317          0          0          0 8902      15908
4410 1.00000       4410    4861228 76667000    4153197     479746            0            0 12343       16753

3046123 0.00624     19020     427201 22036000    7500488    1919741     347552            0 12334       31354
3046123 0.00648     19754            0 11587000    7570838    1025524            0            0    6569       26323
1387367 0.04625     64171            0     613418     693817     950834      94153     176826    6910       71081
1387367 0.04804     66649           0            0           0           0            0           0       0      66649

225812 0.18710     42249           0            0           0           0            0           0       0      42249
225812 0.19432     43880           0            0           0           0            0           0       0      43880

2538 0.62406      1584           0            0           0           0            0           0       0        1584
2538 0.63974      1624           0            0           0           0            0           0       0        1624

17338 0.44693      7749           0            0           0           0            0           0       0        7749
17338 0.46419      8048           0            0           0           0            0           0       0        8048
55278 0.59944     33136           0            0           0           0            0           0       0      33136
55278 0.62259     34416           0            0           0           0            0           0       0      34416
54323 0.74330     40378           0            0           0           0            0           0       0      40378
54323 0.77200     41938           0            0           0           0            0           0       0      41938



0 96011 O000"T 96011 ~9~ 00"0 O0 0 ~L~T ~L 0 0~ ~9~ LL’O I9I

0 96011 0000"I 96011 ~9~ 00"0 O0 0 I~L~ ~L 0 0~ ~9~ LL’O

~L~ T60TT 0000"1 16011 969~ 00"0 O0 0 LSLET ~L 0 L~ 969~ 8L’O

~L~ T60TT O000"T T60TI 969~ 00"0 O0 0 LSLEI ~L 0 L~ 969~ 8L’O

0 566E O000"I 566E 6~L 00"0 O0 0 ~GL~ 5L 0 6811 6~L ~9"0

0 566E 0000"I 566E 6~L 00"0 O0 0 ~L~ 5L 0 6811 65L ~9"0

0 8LI 0000"I 8LI ~E 00"0 O0 0 ETE 5L 0 E~ ~E 99"0 gel

0 8LI O000"T 8LI ~£ 00"0 O0 0 £IE 5L 0 £~ ~£ 99"0

0 E88 O000"I £88 081 00"0 O0 0 EgoT 5L 0 99~ 081 89"0 ~01

O 0 E88 0000"T E88 081 00"0 00 0 E90I 5L 0 99~ 081 99’0

~ 0 EE~ OOEE’O gE~ET L9LE 00"0 ~0 0 166~1 gL 0 866~ E~8~ IL’O OL

0 0 EE~? OOEE’O 5E~ET L9LE 00"0 ~0 0 166~1 5L 0 866E E~8~ IL’O OL

0 ES~L OOEE’O 58EEE EL9~ 00"0 ~0 0 LSOSE 5L 0 ~IOL 89L~ 89"0
¯ I~

0 E8~L OOEE’O ~SEEE EL9~ 00"0 ~0 0 L~OSE 5L 0 ~TOL 89L~ 89"0 ~6

"~ ~9~ 6169~ O0~E’O 0~99~1 96E6E 00"0 EO 0 LI6~LI 5L 0 6L6~ ~686~ 89"0 ~6

O~ ~9~ LTESE 00~’0 T~L6II 96E6~ 00"0 EO 0 LE06~I 5L 0 6~ELE ~686E 08"0 E6

O~ ~SE ESLE9 O000"I ESLE9 96PPl 00"0 O0 0 6LELL 5L 00EE6T 96#PI ~L’O

PS~ ~SLE9 0000"I ESLE9 96PVT 00"0 O0 0 6LELL gL 0 0~61 96~T ~L’O
�.o

~6~ 99T~ 0000"I 9918 IGTT 00"0 O0 0 LIE9 ~L 0 6L~T IGTT ~L’O gSI

~6~ 9918 O000"T 991G TGTI 00"0 O0 0 ZT~9 ~L 0 6L~T IGII ~L’O

~SE TOPE 0000"I TOPE ~6~ 00"0 O0 0 ~66E gL 0 6~L ~6G 6L’O ~61

~SE TO~E 0000"I TOTE E6~ 00"0 O00 ~66E ~L 0 69L ~6~ 6£’0 P6I

Z~ ~0~ 0000"1 VOEG 6611 00"0 O00 ~0~9 gL 0 1091 66TI ~L’O 061

L%~ POEt O000"I ~OEg 6611 00"0 O00 ~OV9 gL 0 1091 6611 ~L’O 061

$3 $3 SO $3 $3 ~O~ ~N-VH ~33 $3 N~I3S $3 $3 $3

9N~U ~ssou ~ sso~ ~zuv ~0~ ~0~ ~N~ a~a ~ooN~ Auvs ~

(~v) (or) (6~) (B~) (~) (9~) (~) (w) (~) (~) (T~) (0~) (6Z)



(TABLE II continued)

(42) (43)    (44) (45) (46) (47) (48) (49) (50)    (51) (52)

EFF SALV ENCOUNT PRED ENTER MORT MORT ALIVE    LOSS    YEF LOSSYE
SH       SH SCREEN    SH       CCF HAND TRUCK       SH         SH       SH       SH

0.75        8        II 0.75        43 0.00 0.00        8        35 1.0000       35
0.75        8         II 0.75        43 0.00 0.00        8        35 1.0000       35
0.79       12        15 0.75        61 0.00 0.00       12        49 1.0000       49
0.79       12        15 0.75        610.OD 0.00       12        49 1.0000       49
0.73      226       310 0.75      1240 0.00 0.00      226      1014 1.0000     1014
0.73      226       310 0.75      1240 0.00 0.00      226      1014 1.0000     1014
0.75      505       673 0.75      2692 0.00 0.00      505      2187 1.0000    2187
0.75      505       673 0.75      2692 0.00 0.00      505      2187 1.0000     2187
0.77     485      630 0.75     2520 0.00 0.00     485     2035 1.0000    2035
0.63     485      774 0.75     3098 0.00 0.00     485     2613 1.0000    2613
0.68       0        0 0.75        0 0.02 0.00       0        0 0.8727       0
0.68       0        0 0.75        0 0.02 0.00       0        0 0.8727       0
0.71       0        0 0.75        0 0.02 0.00       0        0 0.8727       0
0.71        0          0 0.75          0 0.02 0.00        0          0 0.8727        0
0.72        0          0 0.75          0 0.02 0 O0        0          0 0.8727
0.72        0          0 0.75          0 0.02 0 O0        0          0 0.8727        0
0.71        0          0 0.75          0 0.02 0 O0        0          0 0.8727        0
0.71        0          0 0.75          0 0.02 0 O0        0          0 0.8727        0
0.69        0          0 0.75          0 0.02 0 O0        0          0 0.8727        0
0.69        0          0 0.75          0 0.02 0 00        0          0 0.8727        0
0.78       I0        13 0.75        51 0.00 0 O0       I0        41 1.0000       41
0.78       I0        13 0.75        51 0.00 0 O0       I0        41 1.0000       41
0.80       12        15 0.75         60 0.02 0 O0       12        48 0.8727       42
0.80       12         15 0.75        60 0.02 0 O0       12        48 0.8727       42
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I APPENDIX H
U.. S. AND V LDLIFE SER CE’S

I COORDINATION SUMMARY

I U.S. Fish and Wildlife Service’s (USF&WS’s) Coor- Southern Delta, and A Canal Intertie-Cliflon Court
dination Act Report will contain a complete environ- Forebay to Delta Mendota Canal. All three documents

i mental impact analysis of the South Delta Waterare available for review at the Department of Water
¯ Management Program (SDWMP). The report willbe Resources. The final results of the analysis will be

incorporated into the EIR. discussed in USF&WS’s draft Coordination Act Re-
port.

The impacts of the different features of the SDWMP,
and the compensation needs arising from those im-A HEP application is based on the assumption that
pacts were evaluated using the USF&WS’s Habitat habitat for selected wildlife species or communities

I Evaluation Procedures (HEP). HEP is a methodolo- can be described by a model, which produces a Habi-
gy used to document the quality and quantity of avail- tat Suitability Index (HSI). The HSI values are multi-
able habitat for selected wildlife species, plied by the area of available habitat to obtain Habitat

Units (HUs). HUs are used to 1) compare the rela-
Three HEP analysis were completed for features of rive value of different areas at the same point in time
the SDWMP: and 2) compare the relative value of the same area at

I ¯ the enlargement of Clifton Court Forebay by future points in time. Whenthetwotypesofcompari-
sons are compared, the impacts of proposed or antici-

3,0110 surface acres; pated land and water use changes on wildlife habitat

1 can be quantified.

1 ¯ the enlargement of selected south Delta chan-
Sherman Island was a Delta island evaluated as a pos-

nels; and sine compensation area for the project in the draft.

I Delta islands, and tracts other than Sherman Island,
¯ the Delta Mendota Canal intertie to Clifton especially those having lower existing habitat values

for the evaluation species, should be evaluated by the

I Court Forebay. HEP team as possible mitigation areas.

USF&WS has prepared three draft reports that docu- The preliminary results of the analysis for the en-
ment the impacts and compensation needs analysis,largement of Clifton Court Forebay are discussed in
using HEE These are." Enlargement of Clifton Court Chapter 5, in the section "Impacts on Wildlife and
Forebay, Enlargement of Selected Channels in the Wildlife Habitat."

i
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APPENDIX I

SOUTH DELTA FACILITIES PLANNING

Reconnaissance Designs and Cost Estimates

1
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i
SUMMARY OF APPENDIX I

SOUTH DELTA FACILITIES PLANNING

Reconnaissance Designs and Cost Estimates

Design alternatives and costs estimates were prepared forEnlargement of Clifton Court Forebay
the South Delta Water Management Program (SDWMP)
by DWR’s Division of Design and Construction. The pro- Appendix I discusses five alternatives tbr the enlargement
posed projects include: of Clifton Court Forebay.

¯ alternatives for enlargement of CliftonCourt Alternative I would require 77,000 lineal feet of dam em-

Forebay; bankment enclosing a forebay expansion on the eastern
portion of Byron Tract. The project will require a new in-

¯ construction of tidal control facilities; and take structure, a breach of an existing levee to connect the
new and existing forebay, and construction of a bridge at

¯ dredging of some waterways in the south Delta re- Highway 4. A pumping plant to service the Byron Bethany

gion. Irrigation District would also be required.

Alternative 2 adds about 3,000 acres to the existing forebay
Possible Tidal Control Facilities in the southwestern portion of Victoria Island. The proj-

ect will require 46,000 lineal feet of dam embankment, a
Middle River Tide Gate Structure. The proposed facility will new intake structure, and a siphon across Old River.
consist of a gate structure and boat lock to be constructed
just east of the Highway 4 bridge. Flood flow capacity of Alternative 3 would use Coney Island and the southeastern
the structure is estimated to be 4,000 cubic feet per secondportion of Byron Tract to expand the forebay. This alter-
(cfs). native will required 77,000 lineal feet of dam embank-

ment, a siphon across West Canal, a new intake structure,

Grant Line Canal. The proposed Grant Line Canal tide and a breach in the levee to join the existing forebay with
gate structure will be located at the confluence of Grant the new forebay in Byron Tract. Also required for this al-
Line Canal and Old River. It will consist of a gate struc- ternative is a pumping plant to service Byron Bethany Irri-
ture with four radial gates separated by piers that will ac-gation District.
commodate flood flows of up to 20,000 cfs.

Alternative 4 does not enlarge the existing forebay but will
require relocation of the intake structure to the northeastOld River. The proposed Old River tide gate structure edge of the forebay.would be located on Old River at the site of the temporary

rock barriers emplaced by DWR during the 1976-77Alternative 5 would require the use of the northwestern
drought. The structure would consist of three radialportions of Victoria Island and the southeastern portion
gates, a 70-foot-wide flashboard opening, and a boat lock.of Byron Tract, expanding the existing forebay by some
The design would require construction of a new2,860 acres. The project will require about 82,000 lineal
1,000-foot-long levee south of the existing levee, feet of dam embankment, realignment of Highway 4, con-

struction of a siphon across Old River, construction of a
Old River Rubber Dam. An additional project in the vicin- new intake structure near the northwest corner of Victo-
ity of Old River would consist of an inflatable rubber dam ria Island forebay, and a breach in the existing levee at
attached to a concrete raft, which would be positioned atItalian Slough. A pumping plant to service the Byron
the confluence of the Old and San Joaquin rivers. TheBethany Irrigation District would also be required.
rubber dam would divert water into the Sangood-quality
Joaquin River during the low-flow autumn months andUse of the remaining 900 acres on the lower Clifton Court
would provide a positive flow to aid migratory fish. Tract will also be considered with these alternmatives.
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Dredging Channels will require construction of new levees, which will be
riprapped and built up to 1.5 feet above the 100-year-

Segments of Old River, Middle River, Woodward Canal,flood elevation.
Victoria Canal, and Santa Fe Cut will be dredged to pro-
vide a minimum cross-sectional area of 7,200 square feet.The following tables list the approximate quantities of
Dredged materials will be placed behind the existing le-materials needed for each component and the costs asso-
vees, and a toe drain will be constructed 30 feet from theciated with them. Typical schematics of the components
toe of all new levees. Some segments of these channelsare attached.

Abbreviations Used in Tables I-1--I-12

Bbl barrel
CMP corrugated metal pipe
CY cubic yard
lb. pound
LF linear foot
LS lump sum
Mo. month
psi pounds per square inch
SF square foot

Table I-1
Materials Used for a Typical Intake Structure

Item Unit Quantity
Excavation CY 73,000
Compacted backfill CY 2,000
Pervious backfill ton 5,000
Filter material ton 6,000
Riprap ton 9,000
Concrete in transition well CY 900
Concrete in transition floor CY 700
Concrete in structure CY 1,500
Cement (type V) Bbl 4,700
Reinforcement Ib 320,000
Control building LS --
Electrical LS --
Miscellaneous metal Ib 1,600
Handrail LF 400
Radial gate, 19’x29’x6" each 5
Radial gate hoist each 5
Electrical generator LS --
Heat pump LS --
Mechanical equipment LS --
Chain link fence LF 18,000
Double drive gate each 6
Log boom LS --
Marker buoy LS --
Cathodic protection LS --
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Table I-2
Estimated Costs of A "l~pical Intake Structure

Item Cost ($)

Excavation 438,000
Compacted backfill 20,000
Pervious backfill 75,000
Filter material 90,000
Riprap 180,000
Concrete in transition wall 247,500
Concrete in transition floor 105,000
Concrete in structure 912,500
Cement (Type V) 70,500
Reinforcement 160,000
Control building 25,000
Electrical 66,000
Miscellaneous metal 4,000
Handrail 18,000
Radial gate, 19’x29’x6" 1,055,000
Radial gate hoist 515,000
Electrical generator 50,000
Heat pump 5,000
Mechanical equipment 89,000
Chain link fence 270,000
Double drive gate 3,200
Log boom 30,000
Marker buoy 2,500
Cathodic protection 150,000

@ 816,200Miscellaneous 20%

Subtotal 4,897,000

Low Bid Cost 4,897,000
State operation & contingencies @ 35% 1,714,000

Total First Cost 6,611,000

!
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Table I-3
Materials Used for a Typical Bridge on Highway 4

Item Unit Quantity

Concrete CY 1,700
Reinforcement lb 192,300
Excavation CY 230
Filter material ton 1,300
Riprap ton 2,400
Cement Bbl 2,975
Backfill CY 160
Furnish 70-ton cone pile LF 8,200
Drive pile each 105
Metal beam guard rail LF 60
Joint seal LF 1130
Traffic detour LS --
Embankment for approach ton 94,000
Aggregate base ton 6,000
Asphaltic concrete ton 700

Table 1-4
Estimated Costs of a "l~pical Bridge on Highway 4

Item Cost ($)

Concrete 510,1300
Reinforcement 71,150
Excavation 1,380
Filter material 19,500
Riprap 48,000
Cement 44,625
Baclffill 1,600
Furnish 70-ton cone pile 82,000
Drive pile 105,000
Metal beam guard rail 2,100
Joint seal 5,000
Traffic detour 50,000
Embankment for approach 423,000
Aggregate base 102,000
Asphaltic concrete 35,000
Miscellaneous @ 20% 300,000

Subtotal 1,800,000

Low bid cost 1,800,000
State operation and contingencies @ 35% 630,000

Total first cost 2,430,000
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Table I-5
Materials Used for a Typical Siphon Structure

Item Unit Quantity

Excavation C¥ 341,000
Backfill CY 205,000
Filter material ton 6,500
Riprap ton 22,300
Concrete CY 29,000
Cement Bbl 51,000
Reinforcement lb 1,432,000
Sheet pile lb 16,000,000
Sand fill for cellular cofferdam ton 179,000
Transition concrete CY 5,000
Piles LF 14,000
CMP pipe LF 4,000
Timber LF 9,000

Table I-6
Estimated Costs of a Typical Siphon Structure

Item Cost ($)

Excavation 1,023,000
Backfill 410,000
Filter material 97,500
Riprap 446,000
Concrete 6,670,000
Cement 765,1300
R~inforcement 716,000
Sheet pile 16,000,000
Sand fill for cellular cofferdam 1,342,500
Transition concrete 1,200,000
Piles 350,000
CMP pipe 200,000
Timber 189,000
Miscellaneous @ 20% 5,881,800

Subtotal 35,290,000

Low bid cost 35,290,000
State operation & contingencies @ 35% 12,351,500

Total cost 47,641,500first
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Table I-7
Materials Used for a laypical Forebay Expansion

Item Unit Quantity

Embankment (imported) CY 5,835,100
6-inch sand filter ton 153,000
18-inch riprap ton 573,000
3-inch aggregate base ton 29,1300
Breach existing levee CY 152,000
Relocate pump -- --
36-inch CMP LF 150

Table 1-8
Estimated Costs of a l~ypical Forebay Expansion

Item Cost ($)

Embankment (imported) 46,680,800
6-inch sand filter 1,836,000
18-inch riprap 11,460,000
3-~ch aggregate base 493,000
Breachexisting levee 608,000
Relocate pump 130,000
36-inch CMP 7,500
Miscellaneouos @ 20% 12,243,000

Subtotal 73,458,000

Low bid cost 73,458,000
State operation & contingencies @ 35% 25,710,300

Total first cost 99,168,300

!
.!
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Table 1-9
Materials Used for a Typical Barrier Type Facility (Tide Gate)

Item Unit Quantity

Concrete CY 1,450
Radial gate Ib 15,000
Sector gate Ib 42,000
Reinforcement Ib 378,290
Cofferdam sheet pile SF 198,110
Cofferdam excavation CY 17,440
Cofferdam backfill CY 50,670
Gate hoist each 1
Boat lock building SF 225
Sheet piling SF 10,000
Mechanical equipment LS --
Structure excavation CY 1,800
Site work LS --
Cathodic protection LS --
Mobilization LS --
Riprap ton 4,800
Dewatering LS --
Structural backfill CY 1,240
Electrical LS --
Hand railing LF 1,351
Control building SF 288
Chain link fencing gate each 172
Log boom each 9
Channel excavation CY 3,560
Sand filter CY 1,500
Floating dock each 8
Marker buoy each 8
Timber piles LF 1,200
Walkway on sheet piling, 6-ft wide LF 250
Heating, ventilation, and air conditioning LS --

1
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Table 1-10
Estimated Costs of a .Tt’pical Barrier ’I~e Facility (Tide Gate)

Item Cost

Concrete 543,750
Radial gate 48,000
Sector gate 273,000
Reinforcement 189,145
Cofferdam sheet pile 2,971,650
Cofferdam excavation 87,200
Cofferdam backfill 506,700
Gate hoist 32,000
Boat lock building 45,000
Sheet piling 250,000
Mechanical equipment 89,000
Structure excavation 21,600
Site work 260,000
Cathodic protection 150,000
Mobilization 75,000
Riprap 96,000
Dewatering 75,000
Structural backfill 24,800
Electrical 380,000
Hand railing 60,795
Control building 24,480
Chain link fencing and gate 2,580
Log boom 10,000
Channel excavation 28,480
Sand filter 37,500
Floating dock 24,000
Marker buoy 4,000
Timber piles 25,200
Walkway on sheet piling, 6-ft wide 87,500
Heating, ventilation, and air conditioning 14,000
Miscellaneous @ ~% 1,287,436

Subtotal 7,725,000

Low bid cost 7,725,000
State operation & contingencies @ 35% 2,704,000

Total first cost 10,429,000
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Table 1-11
Materials Used for a Typical Inflatable Barrier ~Bype Facility

Item Unit Quantity

Mobilization LS --
Barrier rock (200-400 lb) ton 9,800
Armor rock (600-1,400 lb) ton 1,700
Sheet piling (0.27/lb/SF) SF 950
Piling W14x48 LF 560
Water piping (35-in. dia.) LF 100
Above-water air piping (12-in. dia) LF 100
(Under water) Prepare and level base bed LS --
Concrete caisson CY 855
Reinforcing steel Ib 220,000
Fabric bag - complete SF 3,960
Launch and tow caissons each 1
Set caisson each 1
Field piping connection each 2
Position tensing system LS --
Navigation aids LS --
Under water inspection Mo. 6
Channel excavation CY 8,300

LS --Sitework
Control building SF 375
Trench excavation CY 225
Rock backfill CY 160
Water piping (36-in. dia) LF 100
Under water air piping (12-in. dia) LF 100
Above water cathodic protection LS --
Water pipe LS --
Compressor (700 CPM, 30 psi) LS --
Diesel generator 60 KW LS --
Electrical switchgear LS --
Building HVAC & electrical LS --

I
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Table 1-12
Estimated Costs of a Typical Inflatable Barrier Type Facility

Item Cost

Mobilization 146,600
Barrier rock (200 - 400 lb) 196,000
Armor rock (600 - 1,400 lb) 44,200
Sheet piling (0.27 lb/SF) 23,750
Piling W14x48 12,880
Water piping (35-in. die) 6,000
Above water air piping (12-in. die) 20,000
(Under water) Prepare and level base bed 5,200
Concrete caisson 513,000
Reinforcing steel 110,000
Fabric bag -- complete 1,124,640
Launch and tow caissons 42,000
Set caisson 25,000
Field piping connection 4,800
Position tensing system 13,800
Navigation aids 1,600
Under water inspection 60,588
Channel excavation 16,600
Site work 56,000
Control building 34,500
Trench excavation 2,700
Rock backfill 3,520
Water piping (36-in. dia) 8,800
Under water air piping (12-in. dia) 2,600
Above water cathodic protection 100,000
Water pump 5,100
Compressor (700 CPM, 30 psi) 30,000
Diesel generator 60 KW 25,000
Electricalswitchgear 5,000
Building HVAC and electrical 25,000
Miscellaneous @ 20% 533,000

Subtotal 3,198,000

Low bid cost 3,198,000
State operation & contingencies @ 35% 1,119,000

Total first cost 4,317,000

I
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Preferred Alternative

The preferred alternative, as described in Chapter 3, is to enlarge the existing Clifton Court Forebay from 2,100 surface
acres to 5,000 surface acres. Following is the summary of each component and its estimated costs:

Item Qty Brief Description Approximate
Cost ($ millions)

Intake Structure 2 One at North Victoria Canal & Midlle River, another at
North Victoria Canal & Old River. 14

Siphon 1 Hydraulically connect Victoria Island to Byron Tract 47

Channel Enlargement 1 Middle River east of Woodward Island 10

Highway 4 Realignment -- Realignment of Highway 4 across Victoria Island 6

Forebay Length Approximate Cost
Configuration (mi.) Brief Description ($1,500/LF)

Additional Forebay
using Victoria Island 12 North half of Victoria Island $95 million

Additional Forebay
using Byron Tract 5 Eastern portion of Byron Tract south of Highway 4 $39 million

Additional Forebay using 2 Remaining portion of Clifton Court Tract $16 million
Clifton Court Tract

Item Qty Brief Description Approximate Unit
Cost ($ millions)

Barrier No. 1 1 Middle River near Tracy Road 10

Barrier No. 2 1 Old River Near Delta Mendota Canal 10

Barrier No. 3 1 Grant Line Canal near Delta Mendota Canal 10

Barrier No. 4 1 Old River at the San Joaquin River Confluence 5

About 6 million cubic yards of borrow material will be imported for construction of additional forebay. All borrow
material for the embankment is to be from the high-elevation lands within the forebay area, or from the stored
materials within the existing Delta complex right-of-way remaining from previous construction, Materials can also
be imported from any commercial borrow sites within a reasonable distance of the project area.

445

O--041 679
C-04 ] 679



Northern Intake -- Barrier A

.Following is the summary of each component and its estimated costs for the Northern Intake-Barrier A alternative:

Item Qty Brief Description Approximate
Cost ($ millions)

Intake Structure 1 At northeastern corner of the existing forebay. 7

Channel Enlargement -- Middle River east of Victoria Island 10

Channel Enlargement -- Victoria and North Canals 8

Item Qty Brief Description Approximate Unit
Cost ($ millions)

Barrier No. 1 1 Middle River near Tracy Road 10

Barrier No. 2 1 Old River Near Delta Mendota Canal 10

Barrier No. 3 1 Old River at the San Joaquin River Confluence 5

Northern Intake -- Barrier B

Following is the summary of each component and its estimated costs for the Northern Intake-Barrier B alternative:

Item Qty Brief Description Approximate
Cost ($ millions)

Intake Structure 1 At northeastern corner of the existing forebay. 7

Channel Enlargement -- Middle River east of Victoria Island 10

Channel Enlargement -- Victoria and North Canals 8

Item Qty Brief Description Approximate Unit
Cost ($ millions)

Barrier No. 1 1 Middle River near Tracy Road 10

Barrier No. 2 1 Old River Near Delta Mendota Canal 10

Barrier No. 3 1 Grant Line Canal near Delta Mendota Canal 10
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Highway 4 Intake -- Barrier B

Following is the summary of each component and its estimated costs for the Highway 4 Intake’Barrier B alternative:

Item Qty Brief Description Approximate
Cost ($ millions)

Intake Structure 1 Just south of Highway 4 in the northeastern corner 7
of Byron Tract

Siphon 1 Hydraulically connect Forebay to Byron Tract/Coney Island 47

Channel Enlargement 1 Middle River east of Woodward Island 10

Channel Enlargement -- Woodward and North Victoria Canals 6

Forebay Length Approximate Cost
Configuration (mi.) Brief Description ($1,500/LF)

Additional Forebay
using Coney Island 5 Entire Coney Island $39 million

Additional Forebay
using Byron Tract 5 Eastern portion of Byron Tract, south of Highway 4 $39 million

Additional Forebay using
Clifton Court Tract 2 Remaining portion of Clifton Court Tract $16 million

Item Qty Brief Description Approximate Unit
Cost ($ millions)

Barrier No. 1 1 Middle River near Tracy Road 10
Barrier No. 2 1 Old River Near Delta Mendota Canal 10
Barrier No. 3 1 Grant Line Canal near Delta Mendota Canal 10

!
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Figure 1-8. Proposed Schedule for Design and Construction
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SUMMARY OF APPENDIX J

PRELIMINARY SEISMIC RISK ANALYSIS

A preliminary seismic risk assessment of typical The resistance to liquefaction of the levee soils was
levees within the South Delta study area was per- evaluated in terms of the cyclic stress ratio re-
formed by Reclamation in February, 1989. The quired to induce liquefaction for a representative
scope of this study was limited and did not include magnitude 6.5 earthquake. The computer program
a comprehensive review of existing data for any SHAKE was used to simulate the dynamic re-
aspect analysis, reason many as- sponse systems to waves.of the For this of theleveesoil seismic
sumptions and generalizations were made in lieu ofResults indicate that, for an exposure period of 100
conducting thorough reviews and initiating addi- years, seismic loads should equal or exceed levels
tional research and data investigations, required to cause liquefaction in 5 to 10 percent of

the total levee area.
However, inspection of Delta levees following the
October 17, 1989 Santa Cruz (Loma Prieta) earth-
quake revealed no apparent damage or settlement.Seismically induced deformations were evaluated

using the computer program DYNDSP. This analy-
The first part of the analysis identifies major sis yielded total estimated deformations, including
sources of seismic activity in the region and briefly slidingdisplacementandsettlementof the South
describes historical seismic events related to each Delta levees at 0.15m for the "average" section and
source. Most of the present-day seismicity which 0.3m for the "less stable" section. Since deforma-
affects the South Delta study area is related to tion failure is defined for purposes of this study as
faults which are considered to be part of the San a total deformation of 0.3m, and because the analy-
Andreas fault system, sis was performed using a number of conservative

assumptions, it was concluded that, for these typi-
Ground motion parameters for this study were cal- cal sections, seismically induced deformation fail-
culated using the computer program SEISRISK III. ures are not probable for the given seismic loading.
This probabilistic assessment integrates all relevantFor the proportion of levees that are less stable
earthquake sources in the region, including faults than these typical sections (10 to 15 percent of the
and zones of random seismicity and yields peak total levee area), it is estimated that ground mo-
horizontal acceleration and velocity values for an tions will equal or exceed levels required to cause

of 100 and of deformation failure.exposureperiod years a probability
non-exceedance of 0.9. The maximum values com-
puted were 0.iSg and 25.1 cm/sec respectively. More comprehensive analyses, including additional

The second part of the study consists of a prelimi- data from field and laboratory investigations di-
rected at specific sites in the South Delta, and addi-nary geotechnical analysis from which was derived a

rough estimate of the behavior of the levee soils in tional studies of seismic sources in the region, are

the presence of seismic loading. Two representa- needed to improve the confidence in the conclu-

tive South Delta levee sections were analyzed for sions and to broaden the range of application of

this study; one is described as an "average" levee this analysis.

section and the other as a "less stable" levee sec-
tion. Together, these are representative of 85 to 90 A complete preliminary Seismic Risk Analysis re-
percent of the South Delta levees, port is available for review at DWR.
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APPENDIX K
ARCHAEOLOGICAL REPORT SUMMARY

To the Class I of cultural the California and the Centralcomplete survey resources, ArchaeologicalInventory

California Information Center were contacted for information regarding archaeological, historical and cultural
resources in the project area. Confidential reports issued by representatives of these organizations indicate that
sites of significant archaeological, historical or cultural value are situated within or located adjacent to the project
site. Four recorded prehistoric archaeological sites are listed with the California Archaeological Inventory, one
site is listed on the Inventory of Historic Resources, and seven cultural resources are located within a one-mile
radius of the project site according to these reports.

Both reports stressed the need for a comprehensive survey of the project site to determine the full extent of
unrecorded archaeological or historical cultural resources.

DWR has contracted with the U.S. Bureau of Reclamation for a Class II cultural resources survey and evaluation
of areas that may be affected by the South Delta Water Management Program. The study is required by federal
law and will result in a report which identifies and evaluates cultural resources in the region.

Although the archeological survey and its sites are confidential, certain information regarding the reports men-
tioned above will be made available to the public on request.
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I
APPENDIX L

PROPOSED SOUTH DELTA RECREATION FACILITIES

The proposed South Delta Water Management ProgramRecommended recreational developments follow:
(SDWMP) will consist primarily of channel enlargement,
expansion of Clifton Court Forebay and the installation ofA. Barrier "Pype Facilities. For each tidal flow control

tidal flow control structures at several sites. This report structure, two boat-launch ramps could be installed

analyzes the impact of these modifications on recreational (one upstream and one downstream) with attendant

activities in the area and recommends additional recre- facilities for picnicking and overnight camping, along

ational development alternatives which will increase use with restrooms and facilities for fish cleaning and rec-

by the general public, reational or sports related activities. Access roads and
parking facilities are also recommended.

It is anticipated that the SDWMP will positively impact
recreational activities. For example, channel improve-B. Camping. Remote camping facilities with restrooms
ment will greatly enhance navigation and access to South are recommended for certain areas of the Delta.

Delta channels. The improvement in water quality will
enhance sport fishing due to an improved breeding envi-C. Clifton Court Forebay. Primary activities recom-

ronment. The recreation land acquisition and develop- mended for Clifton Court Forebay are surf sailing and

ment will provide greater public access and diversity of sail boating. To accommodate these activities, park-

recreation opportunities, and the potential for higher ing, overnight camping, picnicking, and restroomfaci-
lities, as well as boat launch ramps, are recom-qualityrecreationexperiences.
mended. Hunting and fishing from the shore are also
being considered.

Public access to most of the South Delta region is limited
due to private ownership of much of the land. AlthoughD. Clifton Court Forebay Enlargement. Facilities similar

numerous private recreational and special interest clubs to those recommended for the existing forebay are

operate in. this area, currently only a few public recre- also recommended for the forebay enlargement, ex-

ational facilities are available, cept that the area would be reserved for small motor-
ized craft (primarily jet skis).

Studies of the demand for recreation facilities in the DeltaE. Fishing Access. Improved fishing access to South
performed by the U.S. Army Corps of Engineers (Corps) Delta waterways is recommended with attendant
and private concerns indicate that the demand for recre- parking facilities, picnic tables, and possible docking
ation in the Delta is far greater than the capacity of exist- facilities to accommodate sports fishing activities.
ing facilities. The reclamation study estimates that peak
usage levels exceed 14,000 people per day based on theE Wetlands/Wildlife Preserves. Re-establishment of a

Corp’s estimates of "latent demand", total area of up to 65 acres of wetlands/wildlife pre-
serves is also recommended. These areas are to be
used as a natural preserve for passive recreational ac-

A total of 128 acres of land are recommended by the recla- tivities with boat access only. To support these activi-
marion study for acquisition although projected demand ties, floating docks with boardwalks that will provide
would require approximately 500 acres. Due to the fact hard surface paths of travel onto the islands are sug-
that some of the area’s waterways periodically reach rec- gested along with a small number of picnic facilities
reation saturation levels, additional land beyond the re- and restrooms. Informational interpretation kiosks
quested 128 acres may not be needed, are also recommended.
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Additional recommendations include "staging areas" toties will be developed at some of the sites recommended
be used primarily by water skiers and optional fee collec-for such development.
tion facilities to be used by a managing agency if needed.
The total cost of possible improvements is approximatelyA South Delta Recreation Study was prepared pursuant
$1.9 million. Table L-1 contains detailed information onto a September, 1988 agreement between the California
the south Delta recreation study and costs associated withDepartment of Water Resources and the U.S. Bureau of
each facility. Reclamation, Ecological Resources Division. This study

describes current recreational use patterns and existing
The location of a particular recreational development andfacilities, analyzes projected demand for such facilities
the types of facilities developed at that location will be se-and proposes several recreation development alterna-
lected based on factors such as cost, environmental con-rives.
siderations, recreational demand and the concerns of
area residents and local governmental entities. It is antici-A complete draft of the South Delta Recreation Study is
paredthat only a minimum number of recreational facili- available for review at DWR.

Table L-1
Estimated Costs of the South Delta Recreational Facilities ($)

Clifton Wetland/
Barrier-Type Fishing Court Forebay Camping Wildlife

Facility Facilities Access Forebay Expansion Facilities Preserve

Boat Launch
Ramps 35, 200 -- 2, 500 2,500 -- --

Boat Docks 35,200 8,250 -- -- 60,000 16,500

Vehicle Parking 192,000 10,000 48,000 48,000 __ __
Vehicle with

Trailer 576,000

Camping 96,000 m 19,200 19,200 14,000 --
Picnic Units 40,000 2,000 5,000 5,000 -- 2,000
Restrooms 140,000 10,000 70,000 70,000 122,500 20,000
Boardwalk ..... 72,000
Secondary
ActivitiesI -- -- 2,700 2,700 --
Kiosk1 -- -- -- ~ ~ 6,000
Fish Cleaner1 120,000 .... __
Trash 4,500 375          1,125         1,125          1,125 750
Total Cost2 1,238,900 30,265 148,525 148,525 197,625 117,250
lOpti°nal
2Cost of land not included.

!
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APPENDIX M
NARROWING OF ALTERNATIVES

Proposals for Delta water facilities were made as early as 1890 when early Californians proposed a salt
water barrier. During water resources planning studies of the 1920s and 1930s, it became apparent that
transfers of water from north of the Delta to south of the Delta would be needed to meet the growing
water demands. In 1961, the Interagency Delta Committee (IDC) compared various Delta proposals and
classified the plans into four basic concepts: 1) Hydraulic Barriers; 2) Physical Barriers; 3) Waterway Con-
trol Plans; and 4) a Peripheral Canal (isolated channel). After public hearings, the IDC recommended
the Canal in 1965.Peripheral

1974 Draft Environmental Impact Report, Peripheral Canal Project, August 1974

This draft EIR had objectives of providing transfer capabilities toboth the SWP and CVP, improved water
quality, improved flow patterns, improved fishery and wildlife habitat, and opportunities for recreation.

The studies looked at six major alternatives and evaluated 34 parameters,including water quality, water
levels, and fishery. These parameters were evaluated on a scale from A (best) to D (least). This informa-
tion was summarized in Table VIII-3 of the 1974 Draft EIR and included in this Appendix as Table M-1.

Reappraisal of Water Management

Under the direction of a new Governor and Department Director, DWR began a reappraisal of the man-
agement of the project, including the water supply, and in particular, the need for and types of Delta
facilities.

1976-77 Drought

The 1976-77 drought emphasized the need for reevaluations of water supplies, water demands, addition-
al facilities, and improved water management.

1978 Bulletin 76, Delta Water Facilities, July 1978

This bulletin was the result of the new State administration policy and the desire to review past planning
work. This comprehensive program incorporates several other elements that are essential for the succes-
sful resolution of the Delta controversy and for future water management in California. These include:

¯ serious water conservation efforts;

¯ the use of water recycling and reclaimed waste water to stretch existing water supplies;

¯ conjunctive use of the California Aqueduct and presently dewatered ground water storage capacity
south of the Delta to bank water during wet years for withdrawal during dry years;

the development of new water storage reservoirs using the off-stream concept which avoids damming
free-flowing rivers;

¯ construction of the Peripheral Canal and related facilities in the Delta and Suisun Marsh; and most
important,

¯ the necessary environmental and Delta guarantees, which have been lacking in past efforts.
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Appendix B of Bulletin 76 included a comprehensive reevaluation of alternatives and components. The
alternatives were divided into five categories: 1) actions to reduce Delta export (nine); 2) institutional,le-
gal, and physical measures to provide Delta protection (fifteen); 3) construction of Delta transfer facilities
(thirty); 4) provisions for additional facilities south of the Delta (thirteen); and 5) development of addi-
tional supplies north of the Delta (twenty-three). Tables from Appendix B of Bulletin 76, follow in this
appendix as Tables. M-2 through M-9. The tables are titled:

M-2 Alternative Components

M-3 Summary of Alternatives and Plan Components Eliminated or Deferred During Initial Screening

M-4 Plan Components to be Rated

M-5 Plan Components Evaluation Criteria

M-6 Summary of Alternative Component Rating

M-7 Planning Precepts

M-8 Components Comprising the Alternative Plans

M-9 Summary of Composite Plan Rating

1978 State Senate Bill 346

SB 200, which incorporated DWR’s program, failed to pass the State Legislature.

1982 State Senate Bill 200

SB 200, which included much from SB 346, contained both statewide water management facilities and
specific Delta facilities.

!982 Proposition 9

The June 1982 Proposition 9 referendum measure included Senate Bill 200 but was overturned by the
California voters after an emotional campaign against the Peripheral Canal.

1982 Urban Water Management Planning Act of 1983

This act required more than 300 of the urban water suppliers to prepare water management plans that
identify the water conservation programs they have implemented and proposed for the future.

1983 DWR Report, Alternatives for Delta Water Transfer, Released in November 1983

This report discusses physical alternatives to the Peripheral Canal for transferring water across the Sacra-
mento-San Joaquin Delta. Four basic alternatives, which were considered the most promising, have been
selected from a large number of alternatives. All four are variations of "through-Delta" plans, in which
water is conveyed through existing channels of the central Delta.

1986 Agricultural Water Management Planning Act of 1986

This act requires all major agricultural water retailers to report to DWR on how they manage their water.
The suppliers must also adopt an agricultural water management plan that identifies their water conser-
vation programs.
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1987 Scoping Meeting

The South Delta Water Management Program and North Delta Water Management Program held public
scoping meetings io obtain local and statewide input.

1988 Planning Reports

The objectives of each program were defined in the planning reports for the North, South, and West Delta
Water Management Programs.

1990 Draft EIR/EIS proposed to be released.

NOTE: The following tables, M-1 through M-10, have been reproduced from the
1974 Draft EIR on the Peripheral Canal and from Bulletin 76, Delta Water Facilities,

dated July 1978. The tables are presented to help readers understand past methods
and the criteria used during the narrowing process. Figures M-1 and M-2 are block
diagrams of the California Water Plan and the proposed SDWMP preferred alterna-
tive, respectively.
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Table M-1
Comparison of Delta Alternatives with the Proposed Action

IMPAir RANKIN~
ACCEPTABLE IMPACT
A- BEST E- ACCEPTABILITY QUESTIONABLE
B- F- UNACCEPTABLE IMPACT
C- U- RELATIVE NET EFFECT UNKNOWN
D - LEAST

Peripheral State-only Waterway Modified Physical Hyd. Barrier
Imoact Parameters Canal Gravity Canal Control Folsom-South Barrier No Project
Export Water Supply B B B E A D
Export water Quality A B A B C D
Local water Quality C C B B A C
Water Level A B B B C B
Seepage B A A A A A
Delta Flood Control A A A B A B
Channel Scour (Delta) A B A B A C
Navigation (Delta) A A D B C A
Transportation (Delta) C C A B C C
Land Out of Production (Delta) C C B B A A
Recreation A B C C C C
Fish
General Factors

1. Salinity Gradient and A B C C E B
Dissolved Oxygen A C B C E D

2. Food Supply
Striped Bass
1. Sacramento River A B B D C C
2. San Joaquin River A C A B C D
3. Nursery Area A C B C F D

Sacramento Salmon
1. Upstream Migrants B A B E C A
2. Downstream Migrants A A A B E C

San Joaquin Salmon
1. Upstream Migrants A D B C F E
2. Downstream Migrants A C A C E D

Mokelumne Salmon A C C C E D
Shad U U U U D U
Sturgeon U U U U U U

Resident Game Fish
1. Dead-end Sloughs A B C C D C
2. Main Delta Channels A C B B C C

Non-Game Fish A C C B E C
Suisun Marsh Fish A A A A A A
Bay Fish A A A A A A
Wildlife

Delta A A B C C C
Suisun Marsh C C C C A B

Turbidity B B B A D B
Water Temperature B A B A C A
Bay Circulation and Dispersion B B B B C A
Energy Requirement B A A C A A

NOTE: This is Table VIII-3 of Draft EIR, Peripheral Canal Project, August 1974
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Table M-2
Alternative Components

Reduction of Oe/ta Export Modified and Isolated Channel Conveyance
"Water Conservation Modified Folsom-South Canal
"Waste Water Reclamatior~ Western Delta Diversion
"Reduce Export During Dry Years and Critical Physical Barriers

Fish Periods Chipps Island Barrier
Desalting Sea Water Dillon Point Barrier
Desalting Geothermal Brines Point San Pab~o Barrier
Amend Water Service Contracts Submerged Barrier in Carquinez Strait
Curtail Water to New Lands
Reduced Central Arizona Project 4, Facilities South of the Delta
Icebergs Off-stream Surface Storage

*Los Vaqueros Reservoir
Delta Protection Los Banos Grandes Reservoir (alternate)
Institutional and Legal Measures Los Banos Grandes--Los Vaqueros Combination

*Environmenta~ Monitoring Reservoirs
*Four-Agency Fish and Wildlife Agreement Sunflower Reservoir
*Limits on Delta Diversions Ground Water Storage*SWP-CVP Operation Agreement *South San Francisco Bay Basin*Federal Participation in Delta Protection San Joaquin Valley Basins
*Review and Revision of Delta Water Quality *Kern River FanStandards *White Wolf Basin
*Delta Water Agency Contracts Southern California Basins

Physical Measures *San Fernando Valley Ground Water Basin
*Western Delta Overland Water Facilities *Chino Ground Water Basin
*South Delta Water Quality Improvement Facilities *Southern Mojave River Valley Ground Water Basin
*Relocation of Contra Costa Canal Intake (alternate)
*Suisun Marsh Facilities "Raymond Ground Water Basin (alternate)
Delta-Woodbridge Canal *Santa Ana Ground Water Basin (alternate)
Fish Screens on In-Delta Diversions *Mid-Valley Canal
Fish Hatcheries
Improved Delta Levee Maintenance 5. Additional Supply North of the Delta

Revise Operation of SWP and CVP Reservoirs
Delta Water Transfer Alternatives Weather Modification
Existing Channel Conveyance Long-range Weather Forecasting

Continue Present Method ("No Project" Alternative) Purchase Dry Year Supplies
Enlarge Clifton Court Forebay Purchase Interim Water Supplies from CVP
Union Island Forebay Sacramento Valley Tributary Storage
Enlarge South Delta Channels *Cottonwood Creek Project
Enlarge North DeRa Channels Millville Reservoir

Modified Channel Conveyance Wing Reservoir
Waterway Control Plan Schoenfield Reservoir
Cross Delta Transfer Plan Gallatin Reservoir
Central Delta Plan Newville Reservoir
Combination Waterway Control Plan and Rancheria Reservoir

Central Delta Plan Marysville Reservoir
North Stub Canal Nashville Reservoir
South Stub Canal Sacramento Valley Off-stream StorageMathena Landing Cross Channel and South Tuscan Buttes Reservoir

Stub Canal *Glenn Reservoir--River Diversion
New Hope Cross Channel and Enlarged Clifton Court *Colusa Reservoir--River Diversion (alternate)Forebay Enlarged Lake BerryessaNew Hope Cross Channel and South Delta

Intake Channel Sacramento Valley Mainstream Storage
Isleton Cross Channel and Enlarged Clifton Enlarged Shasta Reservoir

Court Forebay Sacramento Valley Ground Water
Isleton Cross Channel and South Stub Canal Stony Creek Fan Basin

Isolated Channel Conveyance Thermalito Basin
*Peripheral Canal Importation from North Coast Rivers
East Detta Canal Dos Rios Reservoir
East Central Delta Canal English Ridge Reservoir
Central Delta Canal
West Delta Canal
Montezuma Hills Reservoir and Canal
Isleton Cross Channel Alignment
Mathena Landing Isolated Canal "Included m Selected Plan as discussed ~n Chapter V.
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Table M-3

Summary of Alternatives and Plan Components Eliminated or Deferred During Initial Screening

BASIS FOR DECISION
ADVERSE IMPACT OTHER REASONS

NAME OF AL TERNA TIVE E             .o_
PLAN COMPONENT

REDUCTION OF DELTA EXPORT
Desalting Sea Water ............................................ ¯ ¯ ¯
Desalting geothermal brines .............................. ¯ ¯ ¯
Amend water service contracts ........................ ¯
Curtail water to new lands ..................................
Reduced Central Arizona Project ...................... ¯
Icebergs .................................................................... ¯ ¯

DELTA PROTECTION
Fish hatcheries ...................................................... ¯

DELTA WATER TRANSFER
ALTERNATIVES

Existing channel conveyance
Union Island Forebay ........................................ ¯
Enlarge South Delta channels ........................ ¯
Enlarge North Delta channels ........................ ¯

Modified channel conveyance
Cross Delta Transfer Plan ................................ ¯

Isolated channel conveyance
Central Delta Canal .......................................... ¯
Montezuma Hills Resv & Canal (Resv only) ¯ ¯

Modified and isolated channel conveyance
Modified Folsom-South Canal ........................ ¯ ¯ ¯
Western Delta Diversion .................................. ¯ ¯

Physical barriers
Chipps Island Barrier ........................................ ¯ ¯
Dillon Point Barrier ............................................ ¯ ¯
Point San Pablo Barrier .................................... ¯ ¯
Submerged Barrier. Carquinez Strait ............

FACILITIES SOUTH OF THE DELTA
Sunflower Reservoir .............................................. ¯ ¯
Raymond Ground Water Basin .......................... ¯

ADDITIONAL SUPPLY NORTH OF
THE DELTA

Revise operation of SWP and CVP reservoirs ¯ ¯
Weather modification .......................................... ¯
Long-range weather forecasting ........................ ¯
Purchase dry year supplies ................................
Purchase interim water supplies from CVP .... ¯
Sacramento Valley tributary storage

Millville Reservoir .............................................. ¯
Wing Reservoir .................................................. ¯
Schoenfield Reservoir ...................................... ¯
Gallatin Reservoir .............................................. ¯
Newville Reservoir ............................................ ¯
Rancheria Reservoir .......................................... ¯
Nashville Reservoir ............................................ ¯ ¯

Sacramento Valley offstream storage
Tuscan Buttes Reservoir .................................. ¯
Enlarged Lake Berryessa .................................. ¯ ¯ ¯

Importation from north coast rivers
English Ridge Reservoir .................................. ¯ ¯
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Table M-4
Plan Components to be Rated

NORTH OF DELTA COMPONENTS DELTA COMPONENTS (Continued)

Surface Reservoirs Combination Waterway Control-Central Delta Plan
Cottonwood Creek Proiect West Delta Canal
Glenn Reservoir - River Diversion Montezuma Hills Canal
Enlarged Shasta Reservoir SOUTH OF DELTA COMPONENTS
Dos RiDs Reservoir Offstream Surface Storage
Marysville Reservoir Los Vaqueros Reservoir-Los BanDs Grandes Comb

Ground Water Basins Los Vaqueros Reservoir
Stony Creek Fan Los BanDs Grandes Reservoir
Thermalito ,~outhern California Groundwater Basins

DELTA COMPONENTS San Fernando Valley

Peripheral Canal
Chino
Southern Mojave

East Delta Canal San Joaquin Valley Groundwater Basins
East Central Delta Canal

Kern River Fan
IsJeton Cross Channel
South Stub Canal

White Wolf

North Stub Canal South San Francisco Bay Groundwater Basin

Mathena Landing Cross Channel - South Stub Canal WATER MANAGEMENT COMPONENTS
Mathena Landing Isolated Canal

Waste water Reclamation
Enlarged Clifton Court Forebay

South Bay Area
Isleton Cross Channel - South Stub Canal
isleton Cross Channel - Enlarged Forebay Central Coastal Area

Waterway Control Plan Southern California

Central Delta Plan Water Conservation
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Table M-$
Plan Component Evaluation Criteria

CATEGORY: SYSTEM EFFECTIVENESS (75%) CATEGORY: ADEQUACY OF SUPPLY (75%) CATEGORY: SOClO.CULTURAL FACTORS (55%)

CRITERION: PUI~,L~C ACCEPTANCE (100%)                                                                    ~orndscape(including

.... DEF~NITION,, The degree to which the DEFINITION: The degree to which the con-
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Table M-7
Planning Precepts

TABLE B-6.
PLANNING PRECEPTS

Each eligible plan shall be capable of supplying sufficient water to meet
the expected service area demands for water at all times up to the year

WATER DEMANDS 2000 (within dry-year deficiency limitations provided for in the SWP and

AND TIMING
CVP contracts or as they may be proposed for revision).

Each plan shah also be capable of satisfying the probable maximum de-
mands projected through the year 2000 by merely shifting the dates of
construction of key components or programs.

Any component added to the existing SWF~ and CVP systems should be

SYSTEM COMPATIBILITY compatible with those systems and also be able to be incorporated into a
complete plan for meeting the demands of the year 2000 without the neces-
sity for abandonment of that component or any other component in the future.

Any plan proposed shall contain components which are within engineering
STATE OF THE ART technology now available, but be flexible enough to accept substitution with

the advent of new engineering technology.

WATER RIGHTS AND Any plan, during its various stages of implementation, shall be compatible
with existing water right permits for the SWP and CVP and with all other

OTHER LEGAL ASPECTS      legal requirements.

Each eligible alternative plan, during its various stages of implementation,

WATER QUALITY shall be capable of complying with applicable State and I:ederal Delta water
quality standards (as they may be from time to time modified) and with SWP
and CVP export water quality criteria.

FISH AND WILDLIFE No component added to the existing SWP and CVI° systems shall preclude
the eventual attainment of the fish and wildlife objectives.

Any plan shall maintain or improve the flood~carrying capacity of Delta
channels or include alternative means for conveying flood flows so as to
reduce or prevent any material increase in the threat of flooding Delta lands.

FLOOD CONTROL
In this regard, any proposed changes to Delta channels or levees should be
made compatible with recommendations in DWR Bulletin No. 192, "Plan of
Improvement of the Delta I_evees," May 1975.

Any p~an shall maintain the use of Delta waterways for commercial, recre-
ational, and military navigation. Any proposed change in present conditions

NAVIGATION will be governed by requirements of the Corps of Engineers and Coast
Guard in their capacities of issuing permits for any project affecting
navigable waters.

Any alternative plans shall provide for control of any increase in seepage
SEEPAGE AND DRAINAGE or drainage to Delta ~ands that may be caused by construction and operation

of Delta facilities.

GROUND WATER Groundwater requirements imposed by any alternative plan shall be such
that existing long-term overdrafts are not increased.
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Table M-8

I Components Comprising the Alternative Plans

COMPONENT

EXISTING FACILITIES

i SWP & CVP Facilities ¯

New Melones Reservoir (under construction) ¯

Auburn Reservoir (under construction) ¯

J DELTA WATER TRANSFER ALTERNATIVES

Peripheral Canal

North Stub Canal - South Stub Canal

J North Stub Canal - South Stub Canal "Future Connection
Math¯ha Landing Isolated Canal

Mathena Landing Cross-Channel - South Stub Canal

Math¯ha Landing Cross.Channel - South Stub Canal/Future Connection
North Stub Canal - Enlarged Clifton Court For¯bay

North Stub Canal - Enlarged CCF,/Future Connection

I OTHER DELTA COMPONENTS

Environmental Monitoring ¯

Four-Agency F&W Agreement (limits on Delta Diversions)

I SWP-CVP Operation Agreement

Federal Participation in Delta Protection

Delta Water Agency Contracts

I Review and Revision of Delta Water Quality Standards

Install Four Pumps in Delta Pumping Plant (SWP)

Completion of Delta Fish Protective Facility (SWP)

South Delta Water Quality Improvement Facilities
Relocation of Contra Costa Canal Intake

~uisun Marsh Facilities

Western Delta Overland Water Facilities

I SOUTH OF DELTA COMPONENTS

Water Conservation
Waste Water Reclamation

I Enlargement of East Branch California Aqueduct

Mid-Valley Canal
Los Vaqueros Reservoir

I Storage in Southern California Ground Water Basins

Storage in San Joaquin Valley Ground Water Basins

I NORTH OF DELTA COMPONENTS

MarysviJle Reservoir
Cottonwood Creek Project
Sacramento Valley Ground Water

Reservoir River Diversion
Dos RiDs Reservoir

i RELATED ACTIONS
Improved Delta Levee Maintenance ¯

Fish Screens on In-Delta Diversions

I Deepening Baldwin and Stockton Ship Channels
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Table M-9
Summary of.Composite Plan Ratings

PLAN NO.

] Z 3I 4 8i 9

,~ ,F,.~, ==._ ~u ~~ ~ -
RATEDITEMS ~ _~ ~ ~.= == ?B

SYSTEM EFFECTIVENESS -11.4 -II.9 8,3 I0,4 9.4 I0.I
IMPLEMENTABILITY 10.0 -6.3 -2.5 -S.S -.8 -6.3

PUBLIC ACCEPTANCE -20.0 10.0 12.5 12.5 22.5 15.0
PUBLIC ENTITIES -25 40 30 35 25 35
CITIZEN AND ENVIRONMENTAL GROUPS -15 -20 -5 -10 20

FINANCIAL IMPLEMENTABILITY 100 -44 -30 -39 -35 -44
LEGAL - INSTITUTIONAL -S0 15 l0 I0

FLEXIBILITY WITH TIME -56.6 8.4 -4.0 8.1 -2.7 8.1
NEW TECHNOLOGY -50 -35 -35 -35 -35 -35
NEW STANDARDS -60 38 -2 35 -3 33
CHANGING NEEDS -60 23 25 25 30 27

RELIABILITY 0 35 30 30 30 30

ADEQUACY OF SUPPLY -37.0 ,0.8
DELTA -20.0 22.5 7..5 l 5 0 7.5 ~2,5

WATER QUALITY -25 -5 -15 -10
WATER QUANTITY -15 50 30 40

SERVICE AREA -54.5 77.5 65.0 70.0
WATER QUALITY -10 95 70 85                65 80
WATER QUANTITY -99 60 60 60 60 60

PHYSICAL ENVIRONMENT -8 5 13.5 -3,2 13. l -10.8 11.3
BIOTA -4.0 4.0 -2L0 3.3

TERRESTRIAL ECOSYSTEMS 0 -6 -6 -6                -8              -8
AQUATIC ECOSYSTEMS -10 20 -55 18 -65 16
SUISUN MARSH ECOLOGY -2 -2 -2 -2

LAND FORM ALTERATION -]7.5 32.5 32,5 32.5 ]7.5 30.0
DRAINAGE AND FLOODING -2S 80 80 80 70 B0
STABILITY AND EROSION -]0 -]5 -15 -15 -35 -20

RESOURCE SUPPLY ANO OE~AND -20,0 -~1.7 -11.7 -~1.7 -1L7 -11,7
NET ENERGY USE -25 -10 -10 -10 -10 -10
MATERIALS -]0 -15 -15 -15 -15 -15

SOCIO-CULTU RAL FACTORS -14,8 20.5 IL0 18.8 17.1 16.1
LAND USE AND DEMOGRAPHY -]5.0 -3.3 -6.0 -3.3 -8.0 -7.3

COMPATIBILITY WITH PLANNED LAND USE -30 -15 -13 -14 -23 -27
COMPATIBILITY WITH RELOCATION PLANS -]0 ]8 8 17 ]2 18
DEMOGRAPHY -S -13 -13 -13 -13 -13

AMENITIES -12.5 16.5 13.0 15.0 9.0 ]].5
ARCH.~ PALEO. AND HIST. SITES 0 -50 -50 -~ -55 -55
RECREATION ACTIVITIES -25 83 76 80 73 78

AESTHETICS -15 65 60 60 65 60

ECONOMIC FACTORS -41,8 ]7.4 21.4 19,4 19.4 17.4
PUBLIC FISCAL EFFECTS -50 50 50 50 50 S0
EMPLOYMENT AND BUSINESS EFFECTS -50 50 S0 S0 50 50
AVERAGE ANNUAL EQUIVALENT COST -30 -30 -20 -25 -25 -30

CONSTRUCTION FACTORS -7,5 -6.S -6.5 -6.S -6.5 -6.5
TRANSPORTATION 0 -25 -25 -25 -25 -25
ECONOMIC EFFECTS -10,0 7.5 7.5 7.5 7.5 7.5

PUBLIC FISCAL EFFECTS -10 -10 -10 -]0 -10
EMPLOYMENT AND BUSINESS -10 25 25 25 25 25

LOCAL PUBLIC SERVICE SYSTEMS -10 -10 -10 -10 -10 -10

NUMERICAL AVERAGE OF RATINGS* -19.9 13.8 8.5 12.8 7.2 11.5

~EIGHTED AVERAGE OF RATINGS** -]9.31 16.9] 9.41 15.28 7.33 13.82

~ WEIGHTEDuNWEIGHTEDRA~INGSRATINGsFROM s.E.s’. ~OMPUTER PROGRAM

TOTAL OF ALL RATINGS DIVIDED BY THE NUMBER OF RATED ITEMS (32)
** CATEGORIES AND SUBCATEGORIES WEIGHTED TO REFLECT RELATIVE IMPORTANCE
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Table M-10
Proposed Program, Delta Alternatives Study Status, October 1976

COMPONENT COMMENTS

PROTECTION PROGRAMDELTA

ENVIRONMENTAL MONITORING Monitor water quahty and hsh and wddllfe resources.

FOUR-AGENCY FISH AND WILDLIFE AGREE.MENT IDWR, USBR, DFG, & USFWSI specifying needs and means of
protechng fish and wildlde.

Spell out responsibdity of the two proiects m ,~eeting OeRa and
SWP ’CVP OPERATION AGREEMENT and project needs,

Low in intermediate in normal and h~gh ~nLIMITSON DELTA DIVERSIONS dry years, years,
wet years.

REVIEW AND REVISION OF DELTA WATER To assure criteria for protecting the Delta constitutes a reasonable
QUALITY STANDARDS beneficial use of water.

Provide for CVP to operate within the same rules for protecting
FEDERAL PARTICIPATION IN DELTA PROTECTION Delta as SWP and federal participation in Delta Water Facilihes

and Suisun Marsh Protechon.

SOUTH DELTA WATER QUALITY IMPROVEMENT To distribute good quality water to areas that now have poor
FACILITIES quality water.

SUISUN MARSH FACILITIES To ~mprove water quality for Marsh management.

FACILITIES SOUTH OF THE DELTA
Estimated that by year 2000,water conservation of 500 cubic

WATER CONSERVATION hectometres (400,000 acre-feet) per year could be achieved.

WASTE WATER RECLAMATION Estimated that by year 2000~ !20 cubic hectometres (100,000
acre-feet) per year could be developed.

GROUND WATER STORAGE To provide about 500 cubic hectometres (400,000 acre-feetl per
year of firm project y~eldo

ENLARGE EAST BRANCH OF CALIFORNIA To provide necessary aqueduct capacity to deliver water for
AQUEDUCT storage in Chino Ground Water Basin.

To provide 200 cubic hectometres (160,000 acre-feet) per year
LOS VAQUEROS RESERVOIR of firm yield and other benefits.

MID-VALLEY CANAL USBR Project to delivm water fromCahfornia Aqueduct to east
side of San Joaquin Valley to reduce existing ground water
overdraft.

FACILITIES NORTH OF THE DELTA
To provide approximately 250 cubic hectometres (200,000 acre-feet

SACRAMENTO VALLEY GROUND WATER per year of firm yield.

USCE project to provide about 2!0 cubic hectometres
COTTONWOOD CREEK PROJECT 1170,000 acre-feet) of firm yield for purchase by State.

USCE Project to provide about cubic Hectometres (160,0002O0
MARYSVILLE RESERVOIR acre-feet) of water to offset loss from Ship Channel Projects.

GLENN RESERVOIR-RIVER DIVERSION
To provide 1.2 cubic kilometres(1 million acre-feet) of additional
firm yield annually.

RELATED FACILITIES AND ACTIONS
To improve water quality and insure water supply fop Contra Costa

RELOCATE CONTRA COSTA CANAL INTAKE Canal; and to save water otherwise needed for water quality
control at the present canal intake~

IMPROVE DELTA LEVEE MAINTENANCE To protect Delta agriculture by reducing the threat of flooding
and salt water intrusion from levee failure.

FISH SCREENS ON IN-DELTA DIVERSIONS To help protect Delta fisheries by screening some of the 1~9 cubic
kilometre (1.6 million acre-feet) in-Delta diversions.

To assure Delta Water Agencies of adequate quality water supply
DELTA WATER AGENCY CONTRACTS and provide repayment for project benefits.

SELECT ONE OF THREE ALTERNATIVE DELTA WATER
TRANSFER FACILITIES

NEW HOPE CROSS CHANNEL-SOUTH DELTA INTAKE CHANNEL

NEW HOPE CROSS CHANNEL-ENLARGED CLIFTON COURT
FOREBAY

PERIPHERAL CANAL
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APPENDIX N
DOCUMENTS INCORPORATED BY REFERENCE

U.S. Bureau of Reclamation. Alternative Solutions to Southern Delta Water Problems. September 1980.

U.S. Bureau of Reclamation. Draft Environmental Statement for the Kellogg Unit Reformulation Study. August 1988.

U.S. Bureau of Reclamation. Memorandum on Alternatives for Connecting DeIta-Mendota Canal to Clifton Court
Forebay. March 1989.

U.S. Bureau of Reclamation/California Department of Water Resources. Joint Environmental Impact Statement/
Emqronmental Impact Report for Coordinated Operation of the Central Valley Project and the State Water Project.
April 1986.

U.S. Army Corps of Engineers. FiinalEnvironmental Statement on Operation oftheDelta Pumping Plant. Septem-
ber 1980.

California Department of Water Resources. Draft Environmental Impact Report, Peripheral Canal Project. August
1974.

California Department of Water Resources. Delta Water Facilities, Bulletin 76. July 1978.

California Department of Water Resources. Alternatives for Delta Water Transfer. 1983.

California Department of Water Resources. Plan of Protection for the Suisun Marsh including Environmental Im-
pact Report. February 1984.

California Department of Water Resources. State Water Project Service Area Impact Study. May 1985.

California Department of Water Resources. Final Environmental Impact Report on the proposed Additional Pump-
ing Units at Harvey O. Banks Delta Pumping Plant. January 1986.

California Department of Water Resources. Sacramento-San Joaquin Delta Atlas. August 1987.

California Department of Water Resources. North Delta Water Management Program. March 1988.

California Department of Water Resources. South Delta Water Management Program. April 1988

California Department of Water Resources. West Delta Water Management Program. July 1988.

State Water Resources Control Board. Water Quality Control Plan Report for the Central Valley Region. 1975.

Brown and Caldwell Consulting Engineers, Delta Drinking Water Quality Study, May 1989

!
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APPENDIX O
LIST OF PREPARERS

This Environmental Impact Report/Environmental Impact Statement was prepared by the California Department of Water
Resources, Division of Planning, 1416 Ninth Street, Sacramento, CA 95814 and the U.S. Bureau of Reclamation,
Mid-Pacific Region, 2800 Cottage Way, Sacramento, CA 95825. A list of persons who prepared various sections of the
document, significant background material, or participated to a significant degree in preparing the document is presented below.

Department of Water Resources

Fred H. Bachmann B.S. Civil Engineering, P.E.; Project Manager; engineering
Chief, South Delta Management Section; analysis and mitigation
water resources planning, 31 years

George Barnes B.S., M.S. Civil Engineering, P.E.; Statewide and Delta operation
Chief, Delta Modeling Support Branch; studies
26 years with DWR

Naser J. Bateni B.S., M.S. Engineering, P.E.; EIR/EIS coordinator; engineering
Senior Engineer, Water Resources; and impacts analysis
1 years w/SWRCB, 11 years w/DWR

David Brown B.S., M.S. Biology; Environmental analysis
Chief, Environmental Support Section;
Environmental specialist, 17 years

Randy Brown PhD. Ecology; Fishery impacts and coordination
Chief, Environmental Studies Branch;

Francis Chung B.S., M.S., Ph.D., Civil Engineering, P.E.; Statewide and Delta operation
Chief, Delta Modeling Section; studies
water resources engineering, 15 years

Jake Compton B.S. Civil Engineering, P.E.; Engineering analysis and
Associate Engineer, Water Resources; cumulative impacts
16 years in construction and design,
12 years in Delta facilities planning

Steve Cowdin B.A. Public Administration; Service area impact analysis
Research Program Specialist II;
water resources economics, 13 years

Bellory Fong B.S. Biological Conservation; Fisheries studies
Environmental Specialist IV; Chief, Bay/Delta
Interagency Program; 17 years
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Name ~ Particivation

Sheila Greene B.S. Biological Science; Fisheries studies
Environmental Specialist I;
Bay/Delta Interagency Program, 4 years

Kamyar Guivetchi B.S. Civil Engineering; Graduate work in Delta hydrodynamic and water
environmental engineering; Assistant quality modeling studies
Engineer, Water Resources; 6 years in
Delta modeling

Ray Hoagland B.A. Economics and Mathematics; Graduate Economic benefits analysis
studies at U.C. San Diego; Research Manager III;
Chief, Economic Analysis Section; water
resources economics, 15 years

Edward F. Huntley Registered Civil Engineer; Coordination with statewide
Chief, Division of Planning; planning
water resources planning, 32 years

Ron Landingham B.A. Economics; Economic analysis
Research Program Specialist I;
water resources economics, 6 years

Elaine Merritt B.S. Civil Engineering; Engineering analysis
Assistant Engineer, Water Resources;
4 years with DWR

Mohammad "Mike" B.S. Civil Engineering; Engineering analysis; Construction,
Mirmazaheri Assistant Engineer, Water Resources; economics, socio-economics, and

4 years with DWR energy coordination

Robert Nozuka B.S. Civil Engineering; Engineering analysis
Assistant Engineer, Water Resources;
Delta planning, 3 years

Robert Plath M.S. Statistical Economics; Operation Studies
Operations Research Specialist II;
Delta Modeling, 5 years

Dwight Russell B.S. Civil Engineering, P.E.; Hydrodynamic modeling studies
Senior Engineer, Water Resources;
20 years in hydrological systems modeling

Robert Suits M.S. Civil Engineering, P.E.; Engineering analysis
As.sociate Engineer, Water Resources;
Delta planning, 5 years
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~ Qualifications Particioation

Karl P. Winkler B.S. Civil Engineering, P.E.; Coordination of Delta programs;
Chief, Delta Planning Branch; Engineering analysis and mitigation
water resources planning, 17 years

Waimzm Yip B.S. Civil Engineering, P.E.; EIR/EIS coordination assistance;
Associate Engineer, Water Resources; Engineering analysis
Delta planning, 5 years

Robert Zettlemoyer B.S., M.S. Civil Engineering, P.E.; Water supply and demands
Senior Engineer, Water Resources; evaluations
25 years wit& DWR

U. S. Bureau of Reclamation

Charles L. Borda B.A. History, M.A. Economics; Recreation economic analysis
Forest Economist, USDA, Forest Service,
6 years; Economist, Reclamation, 3 years

Richard Crysdale B.A. Geography & Economics, M.S. Outdoor Outdoor recreation
Recreation; Environmental Specialist and
Outdoor Recreation Planner, Reclamation,
19 years

Douglas Kleinsmith M.S. Biology; Environmental Biologist, EIS coordination and review;
FERC, 3 years; Natural Resources prepared miscellaneous EIR/EIS
Specialist, BLM, 2 yr; Environmental sections
Specialist, Reclamation, 8 years

Roland C. LaForge B.A. Geology, M.S. Geology; I0 years with Seismic risk analysis
Reclamation as Seismologist in seismo-
tectonics

Dean A. Ostenaa B.A. Geology, M.S. Geological Engineering; Seismic risk analysis
15 years with Reclamation in engineering
geology and seismotectonics

Chester Robison B.S. Biology & Mathematics, M.S. General Outdoor recreation
Science; 21 years with Reclamation as
Educator, Natural Resources Specialist, and
Outdoor Recreation specialist

Val G. Rhode B.A. Psychology, M.Ed. Educational Psychology; Public involvement and social
Social Factors Analyst; 23 years, Reclamation, analysis
9 years Psychologist, 5 years Program
Manager, 9 years Public Involvement and
Social Factors Analyst
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G. James West Ph.D. Anthropology; Regional Archeologist, Cultural resources
Reclamation, 10 years; Archeologist,
Department of Parks and Recreation, 3 years;
Instructor, U.C. Davis, 3 years

John Wilson B.S. Geology, MoS. Geological Engineering; Recreation economic analysis
11 years with Reclamation in embankment
dams design and analysis, Earthquake
Engineering specialty
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Copies of this report may be obtained FREE

I from

State of California
DEPARTMENT OF WATER RESOURCES

I P.O. Box 94236
Sacramento, CA 94236-0001
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